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THE ANNUAL CONFERENCE ON HIGHWAY 
ENGINEERING 
The Conference on Highway Engineering is held an-
nually during the latter part of February by the Depart-
ment of Civil Engineering of the University of Illinois with 
the cooperation of the Illinois Division of Highways and 
the Illinois Association of County Superintendents of 
Highways. 
It started in 1914 under the name of the Short Course 
in Highway Engineering as a two-weeks training school for 
the newly-created County Superintendents of Highways. 
Since then its character has been changed from time to 
time to meet the ever-changing conditions of road build-
ing and administration in the state. In 1935 the present 
name was adopted. 
Throughout the years the object has been to provide an 
opportunity for the highway builders and administrators 
of the state to get together for mutual acquaintance, to 
discuss the many problems that confront them, and to gain 
the latest and best information pertinent to their work. 
The results have demonstrated the value of the meeting, not 
only to those attending, but to the communities or interests 
they represent. 
The Conference is open without fee to anyone interested 
in any way with improving the roads and streets of the 
state. The normal attendance consists of state, county, 
city, and local engineers and officials, road and street con-
tractors, material and equipment dealers, and many others. 
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I. STATE-WIDE HIGHWAY PLANNING SURVEY 
IN ILLINOIS 
CHARLES E. DELEuw* 
The conditions set up by the Department of Agriculture covering 
the expenditures of extraordinary Federal monies made available to 
the State of Illinois in 1933, 1934, and 1935 required the Division of 
Highways directly to enter the field of secondary and farm-to-market 
road construction for the first time. For years the departments' .activi-
ties had been limited to the design and construction of the two bond-
issue systems which comprise Illinois' system of primary roads. In 
addition, the department has had general supervision of the expendi-
tures of motor fuel tax funds by the several counties in the construc-
tion of the State-Aid or secondary road system, as well as the main-
tenance of so many and such of these secondary roads as were 
constructed with durable hard surfaces. In 1933 the Department's 
activities were again broadened with the allocation of one-third of the 
motor fuel tax funds to the several municipalities throughout the 
state. Since then the department has had general supervision of the 
expenditures of these funds in cities and villages on construction and 
maintenance of the extensions of primary and secondary roads into or 
through municipalities, and also on such other thoroughfares as were 
included in the arterial street system designated by the municipality 
with the approval of the department. 
To summarize, the Division of Highways has exclusive jurisdiction 
over the 10 600 miles in the primary road system; general and indirect 
jurisdiction over the 17 700 miles comprising the secondary road sys-
tem in the rural areas as well as primary and secondary road exten-
sions and certain arterial thoroughfares in municipalities, and no 
jurisdiction whatever over the 70 000 miles of township or local roads 
in rural Illinois. 
Therefore, in 1933, when the State was first faced with the respon-
sibility for designing and constructing secondary and local roads in 
rural Illinois, it became painfully evident that there was an almost 
complete lack of data either with respect to right of way, character of 
existing highway facilities, density of population, traffic character-
istics and other facts which are essential to a proper determination of 
priority of construction, location, and character of highway improve-
ment. For this reason, the department welcomed the suggestion of the 
*Director State-wide Planning Survey, Illinois Division of Highways, Springfi eld, Ill. 
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United States Bureau of Public Roads of August, 1935, that the State 
undertake a thoroughgoing survey of the entire highway system in 
rural Illinois which would serve as a sound basis for planning the 
development of all of the roads of the state for a considerable period 
in the future, including the financing of the costs of construction and 
maintenance. 
The writer was designated as Director of the Survey in November 
and proceeded with the organization of the work, starting actual field 
operations on two of the more important phases early in December of 
1935. 
Organization 
Headquarters were established in Chicago, and to date office space 
of approximately 1100 square feet has been adequate. In this central 
office are located the Director, the Assistant Engineer in charge of 
Rural Road Inventory, the Assistant Engineer in charge of Traffic 
Surveys, the Assistant Engineer in charge of Economic Surveys, and 
the Office Engineer, all of whom report to the Director. 
The Office Engineer is responsible for all accounting, bookkeeping, 
and general office routine, and is assisted by five stenographers and 
bookkeepers. The Assistant Engineer in charge of Rural Road Inven-
tory has one Assistant Engineer who serves as a general office assistant 
and also as a general inspector of field operations. The Assistant 
Engineer in charge of Traffic Surveys has two Junior Highway Engi-
neer assistants and two clerks. No organization has been developed as 
yet for the Assistant Engineer in charge of Economic Surveys. 
Full advantage is being taken of the existing ten-district organiza-
tion of the Division of Highways. A District Planning Engineer has 
been appointed, who has charge of all office and field activities in each 
of the ten districts of the state. In the six districts which serve as 
headquarters for continuous traffic count operations, he has been pro-
vided with a Junior Highway Engineer Assistant. All field operations 
are under the direct supervision of these district organizations, as well 
as all of the analyses of the rural road inventory notes. 
Rural Road Inventory 
This organization was planned on the basis of completing field 
work in approximately three working months. Based on an estimated 
average progress of twenty-five miles of road inventoried in an eight-
hour day, field parties were assigned from one to four counties with 
an average total of approximately 1700 miles of road each. This 
resulted in the organization of fifty-six parties which operate under 
f 
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the supervision of the several District Engineers, the number of 
parties depending upon the mileage of public roads in each district. 
Each party consists of a Chief, a Recorder, and a Driver. The 
Chief of Party is classed as supervisory and is a Junior Highway 
Engineer with two or more year's experience in either highway design 
or construction, taken from the regular staff of the Department. The 
Recorder is required to be a college graduate or have the equivalent 
practical experience, and the Driver has no qualifications other than 
reasonable intelligence, good health, and ability to drive a car. The 
Recorders and Drivers have been secured from the National Re-
employment Service in accordance with the requirements of the 
Emergency Relief Appropriation Act of 1935. 
In the operation of the party, the Chief of Party acts as observer 
and gives all information to the Recorder. The notes are recorded in 
a loose-leaf notebook with 8Y2 in. by 11 in. sheets. Notebook sheets 
with a center line ruled in blue were printed on a good quality of bond 
paper and furnished to all field parties. In addition, check sheets 
which summarize the notes for each road section, bridge sheets show-
ing complete information for each structure, and railroad crossing 
sheets showing details of each railroad crossing were supplied to field 
parties to insure the collection of full and complete information. 
As a preliminary to the field work, it was necessary to develop a 
system of numbering all township roads in rural areas. In general, 
odd numbers were assigned to east and west roads starting at the 
north and extending south, and even numbers were assigned to north 
and south roads starting at the west and extending towards the east 
boundary of each county. 
Field equipment is relatively simple, consisting of notebook, sup-
plies of the several sheets, metallic tapes, rough instruments for 
measuring gradients, and tire gauges. Automobiles are provided by a 
member of the party who is reimbursed for mileage driven at the rate 
of 5c a mile. Longitudinal measurements are made by speedometer 
readings to the nearest tenth of a mile and, at the start of the survey, 
each speedometer is carefully checked along a measured course to 
insure reasonable accuracy. 
Highway Data.-Road information to be secured includes width 
of right of way and roadbed; width, type, and condition of surface; 
character and condition of drainage; character, dimensions and clear 
width of culverts; gradients greater than 7 per cent; and location and 
description of bridges, intersecting roads, railroad crossings, and 
grade separations. For each section of road, the party is required to 
10 ILLINOIS ENGINEERING EXPERIMENT STATION 
utilize a check sheet on which all these data are to be checked to 
insure complete field notes. 
All drainage structures having a width of ten feet or more, and all 
grade separation structures are described on a separate bridge sheet, 
which is embodied in the field notes for each road. 
All railroad crossings are inventoried carefully, information being 
secured covering obstructions to vision in the four quadrangles of the 
intersection, the number of tracks, the gradients of the highway 
approaches, the character of crossing protection-if any-the loca-
tion of warning signs or signals, the angle of intersection of roads and 
tracks, and the like. This information is all placed on a separate rail-
road crossing sheet, which is also attached to the field notes for each 
road. 
Distribution of Population and Cultural Features.-The field party 
also records the location of municipal boundary lines, of farms, stores, 
filling stations, schools, churches, airports, rural railroad stations, 
mines, wharves, docks, canals, parks and fairgrounds. If the farm or 
structure noted is vacant, it is so indicated, and differentiation is 
made between first-class farms, which are substantial farm · units 
with a dwelling house and all appurtenant structures, and small truck 
or chicken farms or other small agricultural units which may consist 
of a dwelling house and only one or two small sheds or other 
structures. 
No attempt is made to measure the distance of these structures 
from the road nor does the party leave the road in an attempt to 
locate structures which may not be visible. 
Progress.-Road inventory work was started in December. Before 
organizing the parties the District Planning Engineer in each district 
conducted a school of instruction wherein he served as chief of party, 
and two engineers subsequently to be assigned as chiefs of party 
served as recorder and driver. During the instructions, the positions 
were rotated. As soon as the party chiefs had demonstrated their 
thorough understanding of the work, full parties were organized and 
proceeded under rather close supervision of the District Planning 
Engineers during the first few days of the operation. This process 
has been carried on throughout the state and has proven to be entirely 
satisfactory. 
As of February 15 there have been 12 804 party hours employed 
on inventory with a coverage of 40 670 miles, or 41.2 per cent of the 
rural road mileage of the state. The average progress per party for an 
eight-hour day worked was 25.4 miles, a satisfactory showing in view 
I 
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of the fact that extraordinarily severe winter weather has seriously 
impeded this operation almost continuously since December 24th, 
1935. 
Analyses.-The field data will be summarized in such a way as to 
produce a complete set of county highway maps, strip maps, and 
cultural feature maps. 
The county highway maps will be on a scale of one inch to the 
mile and will be strictly transportation maps showing principally 
railroads and highways and, in addition, county, township, and sec-
tion lines, streams, and municipalities. Through the use of carefully 
selected symbols, highways will be shown in six classifications as 
follows: 
Ungraded earth 
Graded earth untreated 
Graded earth treated 
Gravel, macadam, stone, and all miscellaneous surfaces 
Bituminous surfaces-low type 
Concrete, brick, asphalt, and all other high-type surfaces 
All highways are to be shown to a uniform width of o/ioo of an 
inch. Maps are to be lettered with mechanical lettering devices with 
specified sizes of letters to insure uniformity. Instructions covering 
the preparation of county highway maps have been in the hands of 
field party chiefs for some time with a view to insuring useful employ-
ment of all parties during inclement weather. 
Strip maps are prepared on sheets 11 in. x 17 .in., each map being 
divided into two h11lves longitudinally. Strip maps have borders of 
%-inch width except on the left hand side, where a border of 1 Yz in. 
provides space for binding. In the marginal space will be noted the 
county, road number, and sheet number of the set, as well as blanks 
for revisions and name and date surveyed and traced. A longitudinal 
scale of four inches to the mile has been adopted, which permits the 
recording of seven miles of road on a single sheet. Blank strip map 
forms printed on Imperial tracing cloth have been provided, on which 
are printed the margin lines, a blank center line of road with Yi 0 -mile 
and mile divisions. There are also two very narrow lines at the 
bottom of each half of the sheet, on the upper of which will be indi-
cated by suitable symbol the type and condition of road and the 
character of drainage improvements. The lower line will show the 
width of improved roadway, the total average width of roadbed, and 
the width of right of way. All other information taken in the field 
will be recorded on these strip maps, no attempt being made, how-
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ever, to plot distances to objects off the road. Information to be 
recorded includes not only highway but also all adjacent cultural 
features. 
No attempt will be made to show the detailed information rela-
tive to structures and railroad crossings on the strip maps. However, 
each is assigned a serial number for purposes of identification in 
separate fi les covering structures and railroad crossings to be estab-
lished for each section of road. 
No work has been done as yet on cultural feature maps pending 
receipt of instructions from the Bureau of Public Roads. We have 
proposed that these maps be made on a scale of one inch to the mile 
and in a general way show all of the information to be found 
(available from the inventory field notes) on the standard U. S. 
Geological Survey Quadrangle maps. 
Continuous Count Traffic Survey 
In the year 1931 , the Division of Highways inaugurated a series 
of traffic counts in the months of February and August which since 
have been carried on perennially. These counts, which included both 
normal weekday and weekend traffic, were made at a total of 1126 
control and base stations, and provided an accurate basis for ascer-
taining density and character of traffic on the primary road system. 
Careful consideration was given to the location of these control 
and base stations in the selection of continuous count stations for 
this traffic survey. It was finally determined that a total of 324 sta-
tions located on the primary road system, most of which coincided 
with the original control and base stations, would provide control 
information covering traffic density and traffic characteristics through-
out the entire rural highway system in Illinois. 
One hundred and eight of these stations are characterized as load-
ometer stations where, in addition to the density counts, trucks and 
busses will be stopped, weighed, and notes taken covering origin and 
destination, rated capacity of truck, and commodities carried. 
In addition to the 324 continuous count stations, there will be 
three permanent pit scale stations where scales of 30 tons capacity 
will be installed, where all of the information taken at loadometer 
stations will be obtained and, in addition, the length, height, and 
width of the vehicles will be recorded. Two of these pit scale statiuns 
are located just outside of the Chicago Metropolitan District, and one 
just outside of the East St. Louis Metropolitan District, all on high-
ways where truck traffic is of major importance. 
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After the location of the Continuous Count stations was estab-
lished and approved by the Bureau of Public Roads, numbers were 
assigned to each and schedules covering the entire year from Decem-
ber 16, 1935 to December 15, 1936 were prepared. The schedules pro-
vide for traffic counts on each day of the week in both the morning, 
(6 a.m.-2 p.m.), and the afternoon, (2 p.m.-10 p.m.). In addition, 
five night (10 p.m. to 6 a.m.) counts will be made during the year. 
Vehicles will be totaled by hours, and the reports will show 
whether foreign or local, and whether passenger cars, trucks-heavy, 
medium, light-or busses-school or others. Density stations are 
covered by a single recorder obtained from the National Reemploy-
ment Service, whose salary has been established at $125 a month, 
which includes an allowance of $35 a month for subsistence. The 
recorder is also allowed mileage at the rate of 4 cents or 5 cents a 
mile, depending on whether the original cost of the car used was less 
or more than $800. 
The loadometer parties consist of four men, including one chief 
of party, one recorder, and two scale men. The Chief of Party 
receives a salary of $160 a month, which includes an allowance for 
subsistence, and the recorders and scale men are paid the same rate 
as the density recorders. These loadometer parties are also assisted 
by one police officer who is detailed from the regular State Highway 
Maintenance Police and who has the responsibility for the safety of 
the entire operation. Recent instructions provided that the officer on 
whose beat the station is located shall also assist the officer regularly 
detailed to the loadometer party. 
Data from these parties indicate that the maximum number of 
trucks or busses which can be weighed in an eight-hour shift will be 
between 250 and 300. It is roughly estimated that a total of approxi-
mately 300 000 trucks and busses will be weighed during the year's 
operation. That these counts and weighing operations can be suc-
cessfully carried on in almost any kind of weather is demonstrated by 
the fact that practically all parties carried on their work regularly 
and uninterruptedly during the extremely cold weather in January and 
February of this year, when there were twenty-one days in which the 
temperature was below zero, and on many of these there was heavy 
snowfall, usually accompanied by driving winds. 
As soon as the pit scale stations now under construction are com-
pleted, they will be manned by a special party which will operate 
for eight-hour periods in the morning, afternoon, and night, alter-
nately at the three pit scale stations. 
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Organization.-The original organization plan divided the density 
and loadometer parties into six groups, each reporting to a supervisor, 
who in turn reported directly to the survey office. Probably due to 
the fact that the supervisors were in general untrained men with no 
previous experience in traffic surveys, it was found that this plan of 
organization was not giving completely satisfactory results. There-
fore, early in January each of the supervisors was detailed to one of 
the six district offices, and the responsibility for the successful execu-
tion of the continuous counts placed in the hands of a District 
Planning Engineer. This scheme of organization has proven satis-
factory. 
The responsibility of the District Office is limited to the super-
vision of the field work and forwarding reports to the survey office 
where they will be summarized and analyzed. 
Analyses.-Field reports covering density stations are summarized 
and transcribed to special summary sheets upon their receipt in the 
survey office. The analyses of the mass of data obtained from den-
sity and loadometer surveys will be accomplished through the use of 
tabulating cards and machines. No work has been done on these 
analyses to date pending receipt of detailed instructions from the U. S. 
Bureau of Public Roads. 
One-Day Counts 
The continuous-count control stations already described will be 
supplemented by some 6000 one-day traffic count stations where 
traffic will be counted for eight hours on week days (8 a .m.-4 p.m.) 
at four quarterly intervals throughout a single calendar year. These 
stations have been located so as to, in a general way, form a cordon 
around the primary road system. In other words, a station either on 
or a short distance off the primary road is located so as to cover 
practically every secondary road and local or township road of any 
importance intersecting any of the primary roads. After the com-
pletion of the first count, careful analyses will be made with a view to 
the discontinuance of those stations where the volume of traffic is so 
small as to have no significance. At other locations where the density 
of traffic indicates the desirability for additional traffic information at 
points farther removed from the primary roads, stations will be 
shifted farther away from the primary roads, and new stations will 
be added as needed to supplement the initial data. In this way it is 
planned ultimately to develop accurate information covering all traffic 
movements of any significance whatsoever on all of the mileage of 
rural roads in Illinois. 
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An application has been made by the State of Illinois to the Works 
Progress Administration for the personnel required for the one-day 
traffic counts. In 85 counties, it is planned to operate a force of three 
recorders under one supervisor who will work four days in each week. 
In 16 counties this force will be doubled, and in Cook County, a total 
of 10 recorders will be utilized, working in pairs under a single super-
visor. In the downstate counties, one man will be assigned to a 
traffic station, being relieved by his supervisor for a lunch period and, 
therefore, three stations will be counted in a single day or twelve in 
a week. These figures will be doubled, of course, in the case of the 
16 larger counties. The work has been scheduled in such a way that 
the initial count will be completed in between four and six weeks. 
The general supervision of one-day count operation, including the 
selection of the personnel, arrangements for private automobiles 
(which will be the same as for those utilized in continuous counts), 
the complete field operation, and the forwarding of reports to the 
survey office, will all be in the hands of the several District Planning 
Engineers. It is expected that they will require the services of one 
full-time Assistant Engineer for the proper execution of this work. 
It is understood that formal approval of the application will be 
forthcoming shortly from the Works Progress Administration and, 
therefore, this operation may be in full swing by the latter part of 
March. 
Economic Surveys 
Four separate studies have been suggested by the Bureau of Public 
Roads covering Firiances, Motor Vehicle Analyses, Pavement Life 
Studies, and Road Use Survey. · 
Financial Surveys.-Due to the fact that a complete study of 
highway and general finances was published in 1932, covering these 
data for the calendar year of 1931, by the State of Illinois in coopera-
tion with the U. S. Bureau of Public Roads, there is some question as 
to whether it will be necessary to repeat this study. While there have 
been a number of significant changes in public finances in Illinois 
since 1931, particularly in the three-way division of motor fuel tax 
funds and in the virtual elimination of paving projects in municipali-
ties financed by special assessment, the 1931 study was so thorough 
that it can, in all probability, be brought down to date with a rela-
tively small expenditure. o decision has been made as to whether 
this study will be undertaken, but, in view of the desirability of -
securing a complete picture of all phases of the highway problem, it 
may be made. 
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Motor Vehicle Analysis.-This study will include the determina-
tion of the location of all motor vehicles registered in Illinois with 
special reference to distribution between rural and urban areas. No 
detailed instructions have been received relative to this study, but 
it is our understanding that it will be conducted largely by a post-card 
questionnaire, which will be forwarded to approximately one-third of 
all the owners of passenger automobiles and to all owners of trucks 
and busses. There will also be a special questionnaire to all fleet 
operators of truck , busses, and taxicabs. It is estimated that the cost 
of this study will be approximately 3 cents and 8 cents, respectively, 
for each passenger car and truck registered. 
Pavement Life Studies.-This will consist in analyses of records of 
construction and maintenance of all that part of the road system for 
which these data are readily obtainable. The State of Illinois is 
fortunate in having inaugurated and maintained comprehensive de-
tailed records of maintenance costs covering practically all of the 
maintenance operations of the department. Therefore, all the data 
which can be utilized in such a study are at hand, and this work will 
proceed upon receipt of detailed instructions. 
Road Use Survey.-These studies will determine the relative use 
of primary, secondary, and township roads by population groups. The 
data will be obtained by canvass of the owners of some two per cent 
of passenger automobiles and five per cent of trucks and busses, care-
fully selected or sampled in a number of representative counties, both 
rural and urban in their characteristics. Through this canvass, it is 
expected that the total vehicle miles originating within the state, the 
amount of travel originating and occurring in the various urban and 
rural places, as well as the distribution of travel between state, county, 
and local highway systems may be determined. The amount of travel 
in the various communities of non-local origin can also be estimated, 
as well as the division of all travel of this nature between cars, trucks, 
and busses. It is also expected to secure considerable information 
relating to the radius of travel from communities in the various popu-
lation groups. 
This work will be in the hands of an Assistant Engineer, who will 
probably have one full-time Engineer Assistant and a large number 
of interviewers or canvassers secured from the National Reemploy-
ment Services. 
, 
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Finances 
The current work of the Illinois Highway Planning Survey is 
financed by 
llh per cent of the Works Highway Program of 1935 ......... $130 410.13 
llh per cent of the Works Grade Crossing Program of 1935 ... 154 607.76 
llh per cent of the Federal Aid Program of 1936 ............. 154 820.88* 
Total .... . ................................ . ..... .... $439 838.77 
The cost of personnel for one-day counts, if approved by the Works 
Progress Administration, will provide W.P.A. personnel estimated at 
$118 340. The estimated cost of the entire survey is as follows: 
Rural Road Inventory: 
Field work, including forms and equipment ...... $110 000 
Office work ........................ ...... ........ 100 000 $210 000 
Continuous Traffic Counts: 
Key station counts, including forms .............. $ 90 000 
Loadometer station counts, including forms...... 56 000 
Pit scale station counts including forms.......... 8 000 
Office analyses. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 000 $206 000 
Blanket Traffic Counts (W.P.A. project): 
Field work exclusive of personnel. ............... $ 72 000 
Office analyses......... ... ... . ..... ... ..... . . ... 46 000 $118 000 
Economic Surveys: 
Financial study ....... . .......................... $ 15 000 
Motor vehicle analysis . . . . . . . . . . . . . . . . . . . . . . . . . . 54 000 
Pavement life studies . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 000 
Road use survey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 000 $143 000 
Total estimated cost .................................. $677 000 
It is apparent that $237 000 remains to be financed; this amount 
will be provided by the utilization of 1 Y:i per cent of the 1937 Federal 
Aid Program and State funds or, if Federal Aid funds are not made 
available for 1937, from State funds exclusively. 
Conclusion 
The completion of these studies will provide Illinois with all the 
factual data essential to the intelligent development of its road sys-
tems. It is possible that changes in existing methods of financing and 
organization will be clearly indicated by the results of the Highway 
Planning Survey. At any rate, highway authorities, either state, 
county, or local, will be provided with all the data covering physical 
*50 per cent State funds. 
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and cultural developments, as well as traffic characteristics on each 
and every part of the existing highway system, upon which intelligent 
development of the several parts can be based. 
Under the existing Illinois law, the State Department is charged 
with responsibility for planning additions to and betterments in the 
Federal Aid system in accordance with traffic needs. The department 
will undoubtedly proceed with the planning of additions to the 
Federal Aid system shortly after the completion of the Survey, and 
this development will be planned for a long period in the future. The 
additional Federal-Aid roads will not be limited to the primary road 
system, but will undoubtedly include a considerable number of second-
ary roads and State-Aid roads now classed as secondary. It is likely 
that much of the data produced by the survey will be considered of 
importance by the State legislature in the future consideration of 
legislation affecting highway finances and related problems. 
The survey will also point the way to modernization, grade cross-
ing protection, grade separation, and other improvements of existing 
thoroughfares necessary to provide safe and convenient highway 
facilities, in keeping with modern automotive trends. 
II. HOW CAN THE FARM-TO-MARKET SYSTEM 
BE BUILT? 
(a) B. C. McCuRDY* 
When asked to pick up a poker, I invariably grasp the hot end. 
When Professor Wiley asked "How Can The Farm-To-Market Sys-
tem Be Built?,'' I ran true to form by ignoring the simple answer. 
I am now convinced that my efforts should have been devoted to 
telling you to build the system with local materials, and then proceed 
to salvage the choicest parts of several thousands of masterpieces pre-
pared by experts, on just how it is done. However, as I said before, I 
picked up the hot end and I am still holding it. 
Everyone seems to be talking about the farm-to-market roads, but 
there is very little being done about it. Probably if we squarely face 
the situation, we can quickly discover the reason for this lack of 
activity. The first point to be cleared up concerns the extent of the 
farm-to-market system. In Illinois the system embraces 97 600 miles 
of public roads outside of municipalities, together with most of the 
city streets. If you wish to dispute this fact I refer you to a prelimin-
ary survey that shows that the mileage travelled by rural traffic is 
about as follows: 
on city streets, 5 per cent; 
on state and county trunk lines 80 per cent; 
on local roads 15 per cent. 
These percentages are for rural traffic only, and presumably therefore 
farm-to-market traffic, and should not be confused with the distribu-
tion of all of the traffic on our road system. 
The most alarming fact concerning the problem before us is the 
lack of information, that is, data on the travel habits of our road 
users, and an accurate knowledge of the conditions of our roads and 
the traffic possibilities of the adjoining areas. The absence of such 
information precludes the possibility of making accurate working 
estimates of the cost of a rationally-planned farm-to-market system. 
That these vital data will soon be available is the one bright 
spot in an otherwise gloomy outlook. The survey and inventory now 
being conducted by Charles E. DeLeuw, Assistant Chief Highway 
Engineer, as a joint State and Federal undertaking, should provide a 
solid foundation for the rational designing of the system. When such 
facts as Mr. DeLeuw will ascertain are available, an accurate estimate 
*County Superintendent of Highways, St. Clair County, Bell eville, Ill . 
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of the cost can be made. The people or their representatives will then 
be in a position to decide the extent of such a system and the amount 
of revenue that they are willing to have expended to accomplish its 
construction. No attempt should be made to cloud the issue at this 
time with questions of administration, jurisdiction, or details of con-
struction. The problem is a broad one involving economic and social 
questions. I do not believe that the engineer should refrain from 
discussing this matter, but should endeavor to see that the problem 
is correctly stated and presented, due to his interest in public affairs. 
It will be time enough for the engineer to lay down the proper rule 
and formula for the technical details of design and construction, after 
the people have decided the broader questions. 
In the absence of data it is going to be necessary to make broad 
assumptions as to costs, income, and the extent of the farm-to-market 
system. For purposes · of argument, if for no other reason than to 
prove the fallacy of such a proposition, I am going to assume that all 
of the public road system of Illinois is to be improved during the next 
10 years; that the travelling public is going to demand better service, 
just as they are demanding better automobiles; that they are going 
to demand greater safety, not only on the new roads but on the older 
ones, with the strong possibility that highway lighting on trunk lines 
will become a reality; that the improvement of the entire system of 
public roads will increase the burden carried by state and county 
trunk lines; that, in view of recent legislative enactment, license fees 
are apt to be nearly stationary in amount; that motor fuel taxes are 
not likely to increase rapidly, due to the substitution of other fuels 
for gasoline, and the more economic operation of motors; and that 
labor and material costs are going to rise. Starting from these broad 
assumptions I will construct for you a theoretical farm-to-market 
system, and although you may disagree with my estimates as being 
excessive, it is to be remembered that the fatal error in our original 
$60 000 000 State Bond Issue program was the altogether too con-
servative view as to the results of such a development and increased 
construction costs. In discussing this I am dividing the road system 
into its present jurisdictions, for no other purpose than to permit 
an orderly discussion along lines with which we are familiar. 
In round figures there are 15 000 miles of state-maintained paved 
roads, 20 000 miles of county trunk lines, and 60 000 miles of local 
roads in Illinois. 
The so-called state system includes roads that were pioneer under-
takings, and we must expect that they will be replaced by reason of 
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failure or obsolescence. The cost of maintenance is always with us. 
Present roads must be widened to accommodate increased traffic 
volume for safety. Extensions and connections must be made to com-
plete the present network. Grade separations between highways and 
railroads and between highways must continue. The demands in this 
direction will probably increase rapidly with the increased speed and 
volume of railroad and highway traffic. Therefore, we have for the 
next decade of development in the state system: 
M aintenance . ............................................. $ 75 000 000 
1000 miles of reconstruction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 000 000 
300 miles of widening .................................... . 
Grade separations and traffic control ...................... . 
1500 miles of extensions and connections .................. . 
Improvements for safety .... .... . ... ......... . .. ... ...... . 
20 000 000 
40 000 000 
30 000 000 
5 000 000 
Total ....................... .............. ............ $200 000 000 
In considering the county trunk lines, cognizance must be taken 
of the fact that relatively little improvement has taken place on 
these 20 000 miles of highways, except around the centers of popula-
tion, and the improvements made in such places, while temporarily 
sufficient, will prove inadequate as such a comprehensive road system 
progresses. Therefore, we have for the next decade of development in 
the county trunk lines: 
Maintenance ...... ......... . . ... ... .... .. ................. $ 60 000 000 
2000 miles of pavement.................................... 50 000 000 
3000 miles of secondary roads. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 000 000 
10000 miles improved roads ................................ 100 000 000 
5000 miles improved roads. ......... ... .............. ...... 37 500 000 
Grade separations and traffic protection. . . . . . . . . . . . . . . . . . . . 7 500 000 
Total ............ . .................................... $300 000 000 
Now we must consider the local road system, comprising 60 000 
miles, or about 60 per cent of the entire public road mileage. Practi-
cally none of this road mileage has been improved satisfactorily. It is 
this great mileage of roads that, in the popular mind, constitutes the 
so-called Farm-to-Market road system, although the fallacy of such a 
statement has been disclosed. Therefore, we have for the next decade 
of development of the local roads: 
Maintenance ......... . ..... . .. . ........ ..... .. .. . .. .. ..... $120 000 000 
1000 miles paved roads... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 000 000 
9000 miles secondary roads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 000 000 
5000 miles improved roads . ................................ 50 000 000 
10000 miles improved roads. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 000 000 
10000 miles improved roads................................ 50 000 000 
25000 miles improved roads................................ 50 000 000 
Total ........ ." ........................................ $500 000 000 
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Summarizing, therefore, we have: 
Ilequired for state system roads ........ .... ... . ..... .... $ 200 000 000 
Ilequired for county trunk lines . . . . . . . . . . . . . . . . . . . . . . . . . . 300 000 000 
Ilequired for local roads. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 000 000 
Grand total. .. ...... ..... ........ .... ...... ... ..... . $1 000 000 000 
This is a stupendous sum, but is not so staggering when we realize 
that upwards of $600 000 000 has been spent by the state upon 15 000 
miles of its system in the past 20 years. 
The foregoing does not include the city street problem. I must 
repeat that the foregoing is an assumption that must suffice until the 
road inventory is made available. 
Many people, consciously or unconsciously, are painting a Utopia, 
that consists of an improved road to every man's door, but few have 
been willing to discuss the cost, or who will pay the bill, and that is my 
purpose in setting forth the approximate cost of such an undertaking. 
In proceeding to discover the necessary sources of revenue for this 
vast undertaking, I believe it would be well to review the maximum 
amount that can be expected if our present taxing machinery is 
worked to the statutory limit, without respect to distribution, insofar 
as the public road system lying outside of municipalities is concerned. 
Therefore, we have as revenue from state taxes for the next decade: 
License fees ............................................... $180 000 000 
Motor fuel taxes (2 cents) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 000 000 
Total state revenue ................................... $430 000 000 
We also have as revenue from county taxes for the next 
decade: 
County highway tax (12¥.! cents on $5 800 000 000) .. ...... . $70 000 000 
There also would be revenue from town tax levies for 
the next decade: 
!load and bridge district taxes (33 cents) ................... $ 35 000 000 
Grand total revenue, from state, county and town ...... $535 000 000 
The foregoing estimate assumes that each and every taxing unit 
levies the maximum statutory rate, and that it can be applied without 
respect to its origin. 
Immediately we must make certain deductions from this gross 
income, to cover liens now against such funds. They are: 
Iletirement of State !load Bond issues . .... . .......... .... . $ 94 000 000 
Iletirement of county's share of Ilelief Bond issues. . . . . . . . . 29 000 000 
Total deductions .................... ......... .... .. ... $123 000 000 
There thus remains a net income of $412 000 000. 
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On the foregoing assumptions there would be a deficit of $589 000-
000 during the next 10 years. 
The only other source of funds are Federal contributions. Of 
course, we have lately been Santa Claus conscious, but there are 
indications that that Gentleman is about to turn his back on us, or, 
at least, not smile upon us as he has been doing. These Federal Aid 
contributions to Illinois have been and are very welcome, but in effect 
they are merely a shifting of the responsibility for the enacting of 
taxing measures. Without developing this argument, it is quite evi-
dent that the tax burden would not bear as heavily upon us if we 
were to do our own financing inasmuch as there is every likelihood 
that we contribute more to the Federal Treasury than we receive as 
Federal Aid, but again, for the purpose of argument, let us assume 
that we will receive as Federal Aid about 50 per cent more than our 
average income from that source has been. With this aid, we realize 
$90 000 000, and the deficit remains at $322 000 000. 
Before seriously considering the manner in which such additional 
funds might be raised, if the people decide to go all the way and 
improve all the roads, let us consider briefly who is now paying the 
bill, and who is using the roads. From sources that I believe are 
correct the following information has been obtained: 
The farmer pays 21 per cent of the gas taxes and license fees, 
which is a rough indication of the use he makes of the roads and 
streets; the city folks, at the same time, pay 79 per cent of these 
revenues. It must not be overlooked that these are privilege taxes, 
and do not include property taxes. Now turning to the other side of 
the question, we find that the farmer, who is assumed to be the farm-
to-market user, travels 80 per cent of his mileage on state and county 
trunk highways, 15 per cent of his mileage on local roads, and 5 per 
cent on city streets; while his city cousin travels 40 per cent of his 
mileage on city streets, 55 per cent on state and county trunk lines, 
and 5 per cent on local roads. 
Assuming that these figures are correct, we have the following dis-
tribution of traffic: On city streets, 33 per cent; on state and county 
trunk lines, 60 per cent; on local roads, 7 per cent. Present license 
fees and motor fuel taxes are distributed as follows (after deduction 
of Relief expenditures): City, 22 per cent; state and county, 78 per 
cent; local, none. It is evident that participation by the state and 
county in the problem of city streets should continue. 
Disregarding all property taxation as it now exists, we have a 
possible gross road income during the next 10 years of $430 000 000, 
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plus a possible Federal aid of $90 000 000, totaling $520 000 000; 
from this there are net deductions of $123 000 000 for Bond Issues, 
thus leaving available $397 000 000 for the next decade of road 
development, from motor fees. 
It is evident that some of these revenues are recoverable, par-
ticularly the $29 000 000 of motor fuel tax now being diverted to 
Relief Bond Issues. This diversion does not stop with the $29 000 000 
diverted from the c.ounty's share of the motor fuel tax, as there is an 
additional $11 000 000 of the city's share of the motor fuel tax to be 
diverted during the next 10 years. In view of the interrelation of 
state, city and county road programs, this diversion from the cities 
should be considered as a vital part of any campaign to recover lost 
revenues. An effort is now being made to recover this diverted revenue 
through bills introduced in the Special Session by Representative C. D. 
Johnson. These bills would transfer the retirement of the bonds from 
motor fuel tax to sales tax. Bond authorities are pointing out that this 
does not appear to be a legal procedure, and the possibilities are being 
explored of bringing about a reserve fund to accomplish the same 
purpose. If neither of these legislative remedies prove effective, those 
interested in the farm-to-market road program should seriously con-
sider the placing of the question before the people at the coming No-
vember election. The proper place to start increasing road revenues is 
by recovering those revenues we have lost. 
A state-wide highway program, embracing every mile of public 
road in the state, that would provide for the construction of a riding 
surface satisfactory to its users, properly located, and which would 
have a reasonable maintenance cost after construction, would face a 
deficit of not less than $600 000 000 in the next decade, if license 
fees and motor fuel taxes, together with Federal aid, were depended 
upon as the source of revenue. To raise such a sum by motor license 
fees would require the increasing of the present rates sixfold; to raise 
the same sum by motor fuel taxes would require the increasing of the 
present gas tax rate of 3· cents to 8 cents; the sales tax would have 
to be doubled, from 3 per cent to 6 per cent. If a state-wide property 
tax were resorted to, it would be necessary to fix a rate of $1.00 per 
$100 valuation. This would increase the rate on real estate in Chicago 
about 15 per cent, in the average city about 25 per cent, and in rural 
areas taxes would rise about 35 per cent to 45 per cent. Probably the 
result of such propositions would be the demand that we cut the coat 
to fit the cloth, rather than buy more cloth. 
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Other possible sources of revenue remain, such as income taxes 
and additional privilege taxes. The paramount taxing, social, and 
economic problem at the present moment is the relief of the unem-
ployed. The question in this instance is whether or not we should use 
Relief labor for road building or road building for Relief. Personally, 
it is my observation that Relief labor for road building is hardly 
satisfactory, either from the standpoint of Relief or road building. A 
decade of planned highway construction should provide not only a 
proper but a popular method of solving the unemployment problem. 
It is evident that unemployment is gradually being shifted back to the 
states and if those who are acquainted with the highway problem of 
this state can arrange to link these problems together, a real service 
will be accomplished for all concerned. 
Consideration must also be given to the question as to who be-
comes the beneficiaries of such expenditures. Real estate values have 
been greatly enhanced by the road building of the past 10 years, and 
although we hear much of the burden of taxation upon real estate, we 
hear nothing at all about the benefits that real estate has received 
from these forms of taxation. A state-wide program embracing the 
improvement of every public road would greatly enhance rural values. 
There is a possibility that, in many instances, the expenditures would 
not only exceed the benefits to the property being served, but would 
exceed the actual market value of such property. We are confronted 
with a situation similar to that provided for by the Local Improve-
ment Act in the case of city streets. Serious consideration should be 
given to the possibility of acreage taxes. In this connection, the State 
Tax Commission reports that there are 32 000 000 acres of improved 
lands and 4 000 000 acres of unimproved lands in this state. The 
planning of a comprehensive system of roads must be linked with the 
social and economic problem involving future land use in this state. 
Legislation is rarely a scientific process, particularly when taxa-
tion is involved. Frequently it follows the line of least resistance, and 
taxing is based on the "what will the traffic bear?" theory. Much con-
sideration is given to the question as to who will benefit and what has 
been his burden in the past. The Legislature also puts off until tomor-
row things they should do today, if there is any possible excuse for 
doing so. Whenever there is a lack of information, this excuse is 
grasped as a reason for continuing the matter until the next Session, 
two years hence. Therefore I believe that, in addition to the inventory 
now being made by Mr. DeLeuw, the Governor could do no greater 
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service in solving this farm-to-market road problem than by affording 
the Legislature an opportunity of providing for a survey relating to 
road finances and financing, thus speeding up the much talked-of 
farm-to-market program by at least two years. 
Returning to the original question, "How Can the Farm-to-Mar-
ket System Be Built?," I will summarize the answer as follows: 
(1) By the taking of immediate steps to return the diverted high-
way revenue to its original purpose. 
(2) By the completion of the road inventory, and the making 
available to the people of the actual facts. 
(3) By the providing immediately for a Committee from the 
General Assembly to study the facts about the secondary road situa-
tion in Illinois. 
( 4) By the direction of the attention of the people of the state 
to the probable cost, and by an expression from these people as to 
the extent to which they desire these· improvements to be carried, and 
the manner in which they wish to pay the cost. 
(b) P. J. KELLER* 
Mr. McCurdy has talked on "How the Farm-to-Market System 
May Be Built," as a plan and theory. He has certainly covered the 
subject fully and in detail, and it would ·be useless for me to deliberate 
more on it in plan and theory. I am, therefore, going to give ·you 
some concrete examples as to how we are going about building a 
system in McLean County, and the subject "How Can the Farm-to-
Market Road System Be Built?" will be treated in this short paper 
only partially, as I will talk only on gravel as a wearing course, and 
only about our farm-to-market system in McLean County. 
McLean County is one of the largest counties in the State of Illi-
nois, and has 2224 miles of rural roads. Of these 265 miles are State 
Bond Issue roads of concrete construction; 340 miles are State-Aid, 
or County Highways; and the remaining 1620 miles are Township 
roads. All State Bond Issue roads are 18 ft. to 20 ft. wide, of concrete; 
110 miles of the State-Aid or County roads are improved with motor 
fuel tax funds, the grading and bridges to meet State specifications, 
and with 2200 cubic yards of local gravel per mile as a surfacing 
material, making a 20 ft. by 6 in. compacted roadway; 215 miles 
more of these State-Aid roads are surfaced with from 1200 to 1600 
cubic yards of gravel per mile on ordinary graded and bridged roads, 
*County Superintendent of Highways, McLean County , Bloomington, JIJ. 
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and about fifteen miles are still of earth with no improvements at all. 
The remaining 1620 miles are Township roads, and 1170 miles of 
these are gravelled with from 800 to 1600 yards of material per mile. 
About 97 per cent of our farm homes in McLean County are offered 
an all-year outlet on either these Township or County gravel. roads, 
or State Bond Issue concrete roads. You can see that what roads we 
have improved have been well selected, as less than 4 per cent of 
the farm homes in the county are on the 450 miles of unimproved 
roads. 
Our County-Aid roads are improved with motor fuel tax funds that 
average about $100 000 per year, and our County Highway levies that 
average about $75 000 per year. On motor fuel tax roads all con-
struction is let by contract. Grading and bridges cost from $3000 to 
4000 per mile, and the 2200 cubic yards of surfacing material costs 
from $1 to $1.50 a cubic yard in place, making the entire cost per mile 
of this type of road from $5000 to $7500. On our ordinary State-Aid 
roads, contracts are let for bridges and culverts, and the townships, 
with their regular equipment, throw up a satisfactory grade for us, 
and are always glad to do so for a very nominal charge in order to 
get a State-Aid road in their township. The contracts for gravel on 
these roads run from 80 cents to $1.20 per cubic yard, so the cost of 
construction of roads built by County Highway funds runs from $1500 
to $2000 per mile. , 
In counties that do not have local material the price will run about 
40 per cent higher, as materials will have to carry a freight rate. This 
is not so alarming, though, as it may seem, as we have just let a con-
tract for 25 000 cubic yards of surfacing material, and our bid on No. 3 
stone complete in place on the road was $1.38 per cubic yard, although 
the material has to be shipped from Kankakee to McLean County 
and then unloaded, hauled, and spread on the road. Of course some 
counties have longer freight hauls, and the price may go up as high 
as $1.75 per cubic yard. 
The construction of the gravel roads in the townships is similar to 
our county roads built by County Highway funds, except that excess 
revenues, above the 33 cents per $100 assessed valuation road and 
bridge levy, are raised either by special bond issue vote, in which case 
if levied prior to January 1, 1936, they were not to exceed 2~ per 
cent of the assessed valuation of the township, and now are not to 
exceed 5 per cent, or by special vote for special levy not to exceed 33 
cents per $100 assessed valuation, and to run not longer than five 
years. 
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It must be kept in mind that this surfacing material is available 
in local pits scattered over McLean County, so that an average haul 
of some three to eight miles will complete any Township system road. 
Our specifications for this material are very simple, requiring merely 
the crqshing of the oversize to pass a 1~-inch screen, and the screen-
ing of fines out so that not over 50 per cent passes the No. 4 screen; 
and where dry pits are available, and Relief labor can be obtained for 
loading, the oversize material is picked out by hand and the pit run 
material used. We have found that, where traffic is not too heavy, 
material with as much as 75 per cent passing the No. 4 screen makes 
a very satisfactory road, but a very much shorter-lived road than the 
coarser material. We welcome a clay content up to 8 per cent. 
On all the contract work the material is spread on the road 
through a spreader box eight feet in width and of thickness according 
to the amount of material used, and, if over 1600 cubic yards of 
material per mile is used, we use a double strip, one on each side of 
the roadbed. On some Relief projects, where labor is plentiful, we 
use excess labor to spread the material instead of using the spreader 
box. This is not as satisfactory, but saves the expense of a tractor 
and spreader box. As each mile of gravel is deposited through the 
spreader box the material is bladed out to a thickness of about three 
inches, and the excess material wind-rowed along the side, and as this 
three inches of material in the center packs under traffic , more gravel 
is pulled in until the entire amount is compacted from the bottom up. 
On Township bond issue roads the townships do their own grading 
with their own equipment, which usually consists of a crawler type 
tractor and ten foot blades; and eighteen of the townships have motor 
patrols. The Township roads in McLean County are usually very flat, 
so that no cuts or fills are necessary, and all that is necessary is 
to cut ditches two feet deep and three feet wide, with flat slopes, and 
build up a roadway of 24 ft. to 30 ft. width with this excess ditch 
material. The expense of new drainage structures is very low as the 
Commissioners have kept their bridges and culverts up in good shape. 
Twenty-six of our 30 townships have voted bond issues to complete 
their gravel system, three are carrying special levies to obtain the 
same end, and one township, Normal, has the excess levies from the 
City of Normal and does not need an excess levy. Six of the town-
ships that had bond issues prior to 1930 have voted extra levies within 
the last year to finance WPA projects to repair and complete their 
gravel road system. 
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It is interesting to note the votes on these bond issues . and levies. 
They are tabulated as follows: 
BOND ISSUES 
Township 
Chenoa .. .. . ... .. . . . . . 
Yates . .. . .. . ... . .. ... . 
Danvers . ... . . ... .. . . . 
Downs . ......... ... .. . 
Blue Mound .... . . .. .. . 
Towanda .. . ...... .. . . . 
Money Creek ... . .. ... . 
Martin . .. .. . .. . .. .. . . . 
Empire . .. .... .... . . . . 
Gridley . ... . .. . ..... . . 






















Approx. 3 to 2 
458 45 
282 168 
SPECIAL GRAVEL TAX 
Township For 
Dawson . ... . . . ........ .. .... 231 
Anchor . . .. . . . . ......... .. . . 186 
White Oak . . . . . . . . . . . . . . . . . . 89 
Hudson .... . . .. . .. . ... ... . .. 108 
West . . ............. .... .... 153 
































25 cents for four years 
20 cents for four years 
25 cents for three years 
25 cents for four years 
33 cents for two years 
25 cents for three years 
These tabulations show plainly that a cooperative spirit had been 
worked up in these elections, as fully one-third of the voters in all of 
these elections, and some times as high as three-fourths in the special 
tax levies, had their homes on either State or County improved roads, 
or Township improved roads, and their votes for extra taxes upon 
themselves would not directly benefit them. I will t ell briefly how 
this enthusiasm and cooperation was obtained. The Township officers 
and myself would call in ten or twelve men scattered over the town-
ship, and discuss the project, going into details on the following 
points: (1) What roads were to be included in the gravelling; 
(2) where the gravel pits were situated; (3) the specifications for the 
gravel; (4) the width and thickness of the gravel; (5) the approxi-
mate cost of maintenance of the roads; ( 6) the estimate of the cost 
of construction; (7) the interest on the bonds, and the bond set-up 
and retirement; (8) the estimated cost per acre, or per farm per year; 
(9) the manner and procedure of calling an election for the bond 
issue; (10) advertising for bids and letting of the contract; (11) the 
construction and specifications; (12) the minimum labor rate, and 
that the contractor must hire labor from lists furnished by the Com-
mittee. Then these men, in turn, would call a mass meeting of the 
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voters and taxpayers in their townships, and we would again go over 
the same details, always keeping constantly in their minds that this 
was a project of the taxpayers, and was not pushed or promoted by 
any officials. Committees would also be set up at these mass meetings 
to work with the Commissioner throughout the entire project. 
I will not go into the law in regard to calling these elections or 
letting the contracts, etc., as this is all provided for by statute, and 
any man interested can get this information from the Road and Bridge 
Laws. 
It is very necessary that something be said about the importance 
of maintenance of these gravel roads. Poor maintenance will cut the 
life of this type of road in half. Our Commissioners have either a 
motor patrol or a tractor and blade for maintenance of their gravel 
roads. They blade t he roads from two to three times a week, to once 
in every two or three weeks depending on the amount of traffic on 
any particular road. When the gravel surface is dry it is shaped by 
light cutting and depositing the loose material on the edge, and when 
the surface is wet or damp, it is maintained by pulling the loo,se 
material onto the roadway so that it may again pack in place. In 
summer our Commissioners who have enclosed cabs on their mainte-
nance equipment start out to maintain the gravel as soon as it starts 
raining, as one maintenance while the gravel is wet is worth a dozen 
when it is dry. 
In summing up the work on our farm-to-market road systems an 
attempt will be made to show the actual cost to the farmer. By law 
the Township road and bridge levy cannot exceed 25 cents on the $100 
of assessed valuation except by special vote of the Township board, 
and then it can be raised to only 33 cents on the $100; let us say that 
the average is 30 cents. It is estimated that the retirement and interest 
on these bonds will run from 25 to 40 cents per $100, or a total of 
51) to 70 cents per $100 assessed valuation. On good farm land 
assessed at $50 an acre, or $8000 for a 160-acre farm, the cost will run 
from 27Y:! to 35 cents per acre per year, or from $44 to $56 a year for 
a 160-acre farm. It should be remembered that this includes the road 
and bridge levy for maintenance, repair, and replacement of these 
roads, and upkeep and rebuilding of bridges and culverts, as well as 
provision for the retirement of bonds and interest-in other words the 
farmer's entire bill for his Township gravel roads. These figures are 
based upon a 2Y:! per cent bonding limit instead of the 5 per cent 
bonding limit now in effect. 
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If a farmer drives his automobile 15 000 miles a year, he will, with 
his gas tax and license fee, pay a like sum for the use of the State 
system of hard roads. With a 10-cent County Highway levy he will 
pay only about $8 on a 160-acre farm for the use of the County 
system of roads; in other words, for the use of 265 miles of hard 
roads in the county, the farmer, through his gas tax and license con-
tributions, pays an amount equal to what he pays for the use of 1200 
miles of gravel Township roads and 400 miles of well-kept earth 
roads; and he pays only about one-fifth of what his State roads cost 
him for the use of the 340 miles of County roads, of which 90 per 
cent are well improved gravel-surfaced roads. 
At the end of ten years a 25- to 40-cent rate per $100 of assessed 
valuation for bond retirement will end. However, in my opinion, a 
gravel road 8 ft. wide and 9 in. deep will require replacement of 
about 60 per cent of the original amount of gravel at the end of the 
ten year period. There is no doubt in my mind that bond issues for 
gravel replacement would carry by larger majorities and with greater 
enthusiasm than the original bond issues, for the reason that the 
people have learned the value of their roads, and will not again be 
satisfied without them. 
If any proof of this is needed, you may sit in the tax collector's 
office and listen to the grumbling of taxpayers, but not once do you 
hear a word said against the taxes paid for their gravel roads. 
III. STREET DESIGN PROBLEMS 
(a) FROM THE VIEWPOINT OF THE CITY 
w. C. JOHNSON* 
These comments on Street Design Problems, from the viewpoint 
of the city, are confined mainly to those problems attending the 
planning of streets to serve the needs of both local municipal traffic 
and through highway travel-streets that are jointly city thorough-
fares and highway routes. Arterial streets of major local importance, 
or which perhaps carry fairly intensive alternate through highway 
routing, or which expedite cross-town movement, are mentioned for 
similar reasons. Reference to minor streets is incidental, for they are 
of less concern to this distinctly Highway Conference. 
While streets are primarily means of transport, cities have assigned 
to them other functions which must stay, such as the carriage of liquid 
waste, both natural precipitation and sewage, and the bearing of 
public utility structures, like those serving water, telephone, elec-
tricity, gas, etc. Business and social rights, too, call for spaces where 
pedestrians and vehicles, beside moving freely, may stop and stay for 
a time. All these privileges should be obtained with minimum 
hindrance to the principal purpose of affording ready travel. Thus, in 
treating of highway routes within cities, the multiple objects of local, 
through, slow, and fast passage are to be satisfied. Happily, ad-
vanced harmonized legislation and practice tend to coordinate munic-
ipal, county, and state jurisdiction in a manner to attain the results 
sought. Enormous traffic growth has brought measurable diversion of 
vehicles, foreign to the city in origin and destination, to new roads, to 
suburban by-passes, or to belts around the city, and to express routes 
within some cities. But necessarily, appropriately, and welcomely, 
many city streets yet must serve the joint wants of both local and 
through movements. H ere rest the problems for which we seek 
solution. 
Among the several objectives of street planning, let us pay heed 
to such phases as the following: 
(a) Rational economy, that is, the greatest value consistent with 
first expenditure and continuing costs, including construction, main-
tenance, replacement, etc., and satisfactory service and expense of 
operating thereon. 
(b) Capacity to bear traffic, at sensible speeds, with smoothness 
*City Engineer, Belleville, Ill. 
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and safety, regarding both present and reasonable future require-
ments; this includes adequacy in road strength, integrity, width, and 
number of driving lanes and parking spaces, and the proper denota-
tion as primary thoroughfare, with fitting regulation of traffic both 
thereon and crossing or entering from intersecting streets. 
( c) Drainage features; these involve both surface and subter-
ranean factors. Most streets which have buildings and other improve-
ments closely adjoined cannot be relieved of storm water by surface 
drains, as can most highways in open land outside municipal bounds. 
They require ample gutters with frequent inlets to underground drains. 
At times, however, the street themselves must be watercourses. Their 
relieving drains °will not accommodate extreme floods or take off 
quickly melting snow and ice, hence occasional water detention and 
retarded flow are unavoidable. Another factor is suitable shape for 
cleaning by rain-wash, artificial flushing , and sweeping. For these 
reasons, compromises of grades, crown, cross-section etc., sometimes 
must be resorted to, even at the sacrifice of important desirable 
features. The comfort and safety of vehicle occupants urge a light 
crown, fairly long vertical curves, superelevation on outside of the 
horizontal curves etc. Yet, for drainage and topographic causes, we 
are often compelled to employ some relatively sharp changes of grade 
and crown, especially in warping intersections, and occasionally even 
depressing the outside line of curves. 
( d) Illumination is barely named here, although it is highly 
important from the standpoint of safety and convenience, and should 
never be neglected. 
(e) Esthetic treatment, within the street confines, of various 
structures, landscaping, shrubbery, trees, etc., is also merely men-
tioned. 
(f) Local public utilities. Almost always streets have to bear 
water lines, gas mains , sanitary sewers, storm drains , electric power 
lines, telephone facilities etc. In some places street car tracks and 
other railways, heating, and sundry other service elements must also 
be accommodated. All such community functions must be reconciled 
with the normal use of the streets as travel-ways for foot and wheel. 
Detailed solution of these problems is beyond the scope of this 
discussion. Neither time allotted nor purpose justify more than out-
lines; we therefore avoid technical data here. There are readily avail-
able bases for the determination of road proportions, exemplified in 
the standard plans of the Illinois Division of Highways, the accom-
plishments in certain cities, and the published works of eminent 
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authorities. The State plans furnish a reasonable range of alternatives 
in types and shapes and accord fair local autonomy. Municipal engi-
neers and officials, exercising their options with judgment, may em-
ploy any of several suitable standards or satisfactory variations. 
Adopting the types and plans or parts thereof already available from 
these sources, we become empirical, in degree, but are in good com-
pany in doing so, even though abandoning a theme of "Design" to a 
field of "Application." 
To illustrate certain of the foregoing points, we turn now to a 
bit of historical and descriptive narrative about our own City of 
Belleville. 
Belleville, founded in 1814, now has a populati~n of 30 000. It 
covers an area of approximately 6 square miles, 4 in a nearly rec-
tangular mid-town section 2% miles from east to west by 17\i miles 
from north to south, and 2 in a panhandle strip to the northwest, 5.3 
miles long by 2000 ft. wide. It has 90 miles of streets, many primary 
ones narrower than desirable today, of which 65 miles are paved. 
There are 60 miles of alleys, 7 of which are paved. The extreme 
lengths of continuous thoroughfares are 1.5 miles north to south, and 
8.7 miles southeast to northwest. There are 6 State Bond Issue Routes 
and 3 State-Aid Routes, traversing 16 miles of the streets. The pave-
ments include: 
Plain macadam, left from an early greater amount. . . . . . . . . . . 72 mile 
Brick, some sand filled, part grouted .. . .............. ..... .. 29 miles 
Concrete. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 miles 
Bituminous macadam, of fairly recent make. . . . . . . . . . . . . . . . . 72 mile 
Creosoted wood block (a remnant) . . . . . . . . . . . . . . . . . . . . . . . . . Ys mile 
Bituminous resurfacing recently applied over old brick... .. ... 1 mile 
The agricultural, coal mining, industrial, and general trading 
interests of Belleville and vicinity, as well as of much of Southern 
Illinois, have business and social intercourse chiefly with the metro-
politan region about St. Louis, Mo. Therefore, our major thorough-
fares converge from east and south and lead ~oward St. Louis on one 
artery, West Main Street, for a distance of 7 miles from the down-
town Public Square northwestwardly to the corporate limits between 
Belleville and East St. Louis. Although relieved somewhat by two 
belt lines, SBI Rt. 13, around the southern edge of town, and SBI Rt. 
161, skirting the northern side, ·West Main Street still does and long 
will carry dense traffic at rather rapid speed for an ordinary city 
street. Taken by condemnation into the township public highway 
system in 1902, and by city annexation into Belleville streets in 1912, 
that outlying section had rapid growth from a region of sparse build-
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ings, many then still homes on farm land, to a fairly dense urban 
residential occupancy. 
In an era before Belleville grew northwest, absorbing the 5.3 mile 
length of road to extend West Main Street, there was laid out a high-
way extending toward St. Louis, long called the Rock Road. Built in 
1847 as a toll pike, under corporate charter .which was one of the 
i sues in the 1846 election of Gov. Reynolds, it provided a shorter 
and better route than the then existing free highways. It remained a 
tariff-charging road until 1902. Initially wooden corduroyed and 
planked in portions, it later was macadamized. It shared in the 
Golden Age of interurban electric railway life from 1898 to 1932, when 
other carriers superseded track-defined cars there, as elsewhere so 
generally of late. 
At this place we digress to remark on changes in vehicles and road 
uses around the turn of the century, as indicated .by the following 
notes from a recently-revised geographic and historical Atlas of St. 
Clair County: 
Sept. 20, 1899. Mr. A. Lambrecht and his wife, of St. Louis, drove 
to Belleville in an automobile. It was the first vehicle of this kind 
to enter Belleville, and attracted considerable attention. 
August, 1901. Henry C. Deobald, Belleville, claimed to be the only 
man in the world to ride in an automobile built entirely by himself. 
May 17, 1907. The Village Board of New Athens enacted a rigid 
rule whereby automobiles or "Chug Wagons" could use only certain 
prescribed streets. However, they were at liberty to travel any street 
from the circuit leaving town. 
July 1, 1910. There were 56 automobiles in the City of Belleville, 
this being more than then reported in the larger neighbor City of 
East St. Louis, displacing Belleville as county metropolis after 1890. 
July 8, 1913. There were 614 automobiles in St. Clair County. 
July, 1914. Belleville had 74 more automobiles than East St. 
Louis: numbers not told otherwise. 
Belleville having begun concrete paving in 1914, portland cement 
concrete pavement was selected for the West Main Street extension 
in 1915, and the 5.3 miles built in 1916-1917. This West Main Street 
work was patterned after some in and near Detroit and Wayne 
County, Mich., built during that period. Next to and between curbs 
60 ft. apart, two slabs, each 19' 6" wide, were built. A middle strip of 
21 ft. was occupied by two street and interurban railroad tracks, 
where fine-grained lead mine chatt ballast about flush with the pave-
ment and rails allowed driving in most places, though not satis-
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factorily, except at bricked crossings. The paving was uniformly 9 in. 
thick, the lower 6¥2 in. having 1 ¥2 in. limestone, the upper 2¥2 in. 
having % in. granite coarse aggregate. The horse and buggy era was 
even then in twilight, as motor vehicles noticeably exceeded other 
passenger carriers. Horse-drawn steel-tired wagons were still plentiful, 
and it was believed would long remain, for the early dawn of major 
motor. freighting by trucks was not foreseen. Many gorgeous brewery 
wagons and husky draft animals, among much less comparable hor e 
freighters, were yet traversing our streets and roads. We of the 
hinterlands could not then visualize the fullness of the change to 
come soon, though some of us viewed, dodged, and marveled at motor-
ization in such big burgs as Chicago, where, even a while longer, the 
horse and wagon were not uncommon or regarded passe. Therefrom 
grew the planner's idea that surface aggregate of concrete in pave-
ment should be harder than our nearby limestone, to resist abrasion 
better. Jot for long, however, did such a notion persist, as local 
native limestone soon was found suitable for all such purposes. 
The great virtue of this West Main Street paving is its 9-in. thick-
ness. After nearly 20 years of hard service, it is still excellent, having 
outlived much younger thinner highways, carrying a comparable 
traffic, built in its vicinity. Given also helpful transverse expansion 
joints, with the then-favored steel armored edges, enclosing bituminous 
felt, at about 33 ft. intervals, and expanded steel fabric reinforce-
ment of 33 lb. per 100 sq. ft., at 2¥2 in. below the top, the pavement 
today seems good for many more years of usefulness. Some corner 
breaking, some spalling, and some mid-section cracking have de-
veloped, but none are extensive. Subsidence over mine sinks has 
caused most of the ills realized. Having a simple hand-luted surface 
finish, because of antedating mechanical finishing and high character 
smoothness demands, it lacks much of the refined riding qualities now 
wanted and attained. It is believed, however, that a cleaning and 
sealing of ru ted steel joint plates, the replacement of a few breaks, 
and a bituminous cover will improve and preserve it greatly. 
In most cities, like Belleville, which, in length of streets is already 
70 per cent paved (100 per cent so far as principal arteries are in-
volved), street betterment lies in widening and resurfacing, or in 
reconstructing pavements built two to four decades ago. We have 
gone through stages of round wooden corduroy, wood plank on timber 
sills, round cedar blocks on white pine planking, macadam, a hey-day 
of bricking from 1894 to 1912, then a stretch of concrete paving from 
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1914 to the late 1920's, with relative inactivity since. Now, for a 
new advance, we resort to some widening, resurfacing, and repaving 
in higher character. Barely so started on our own resources but 
benefited partly, in late years, by State work of similar type in and 
outside our corporate limits, we expect to pursue a fairly regular 
annual program of the same kind hereafter with enhanced State and 
city motor fuel tax funds. From such projects as we have already 
undertaken and planned there result the following conclusions: 
For traffic convenience, even minor streets deserve a minimum 
width of 30 ft. between curbs. We have many early pavements but 
24, 26, and 28 ft. Fortunately, 30 ft. is the least of any we furnished 
as tate Routes, that width being adequate for two-lane moderate 
traffic between parking spaces. 
At the next range of heavier travel, particularly where large 
slowly-moving freighters, trucks, busses, service cars, taxicabs etc. 
abound, increases in width to provide 3 and 4 driving lanes, as well 
as fair parking strips, are wanted to allow easy run-around of con-
sistently rapid movement past the slow and stopping vehicles. Except 
on boulevards or super-highways which can be made in the greater 
metropolitan cities, the 3-driving-lane street will suffice for reasonable 
expedition in most municipalities. At this time Belleville could attain 
boulevard or express-thoroughfare rating only on the before-described 
5.3 miles of street leading toward St. Louis and joining an East St. 
Louis street of like shape at the point half-way on the 14-mile distance 
from our Public Square to two Mississippi River bridge crossings at 
East St. Louis. There, for SBI Rt. 15, on an 80-ft. street, with road-
way 60 ft. between curbs, we hope soon, by help of the State Division 
of Highways, to have a separated-lane express-way, with curbed 
5 ft.-wide unpaved parting strip in its middle, two 10 ft. driving lanes, 
for the same directional travel, on each side, and a 7-ft. parking 
space against each outer curb, with crossings, of course, at intersecting 
streets. Pedestrian subways may be made at several places where 
there are periodic heavy concentrations of foot passage at crossings 
near schools. 
On some other streets conducting State Routes, where widths be-
tween building lines are 50, 60 and 66 ft., the best roadway widths we 
can get, leaving reasonable space in both business and residential 
sections for requirements of walks, wire- and lamp-bearing poles, etc., 
are 40 and 46 ft. A 40-ft. width permits three driving lanes of 9 ft. 
each and two parking strips each 6 ft. 6 in. At 46 ft. we move to 
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three lanes of 10 ft. for driving, and· two of 8 ft. for parking. Until 
we reach city stature sufficient to justify setback of buildings at great 
expense, we shall do nicely with these widths. 
As to pavement sections, we speak here only of the concrete type, 
which we have elected for new paving and repaving, distinguished 
from resurfacing. 
We are adopting longitudinal doweled joints with slab strips in 
multiples of 9 and 10 ft., and transverse joints, at intervals of about 
30 ft., having load transfer dowels or later preferable devices across 
all-metallic air-chamber expansion and sealed-metal contraction pro-
visions. We employ no steel other than that in joint plates, dowels, 
etc., feeling that reinforcement of the concrete in the ordinary sense, 
except under special circumstances or conditions, is needless. We 
choose an even paved thickness because it simplifies construction, at 
less cost, and, we believe, insures better subgrade drainage and least 
varying base moisture. The highway slab built as a unit providing 
two travel lanes is best with thickened edges, for reasons long under-
stood. On multiple lane streets, we think preferable the uniform 
thickness, with· effective load 'transfer across joints. State alternate 
acceptable standards recognizing and providing for this , we select one 
of them fitting the 8-in. regular slab set forth on one of the several 
alternates of the Illinois Division of Highways for 46 ft. pavement 
through cities of 20 000 population or more, carrying heavy industrial 
traffic. For moderately-loaded streets we would use a 7-in. slab, on 
lightly-traveled ones a thinner one, down to 6 in., as in some good 
old jobs of ours. 
For curbs we apply both integral and independent types. Where 
street side space and job factors render it logical to make paving con-
tinuous under curb, the integral shape is used. The independent curb, 
doweled to slab, is employed where strip width, job length and volume, 
etc., permit the use of a pavement finishing machine which fits best at 
slab edge on the inside, instead of the outside, line of the curb. For 
example, the several strips of some 46-ft. pavement now under con-
tract can be built best by finishing machines regularly made for one 
10-ft. middle and two 18-ft. side pours, rather than by taking into 
the slab the 7-in. curb base which necessitates special alteration of 
finishers. Another reason is that existing trees , lighting system poles, 
etc., which must be preserved intact, abut the back of the curb, so 
that neither ordinary steel paving forms nor usual subgrading a~d 
finishing equipment can be applied at that line, but can be used 7 in. 
closer in, that is, at the face of the curb. In other circumstances, the 
l 
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integral curb could and might be employed as readily; in some cases, 
we would let a contractor resort to either type of curb he chose. We 
have never employed a combined curb and gutter, that is, had a 
gutter flag made independent of the pavement slab, not even on any 
brick pavement. We are glad not to have any, particularly on con-
crete pavement slab, where each should be considered to bear the 
same wheel loads and needs consistent proportioning, equal thick-
ness, and load transfer provisions. 
Concluding these observations, we remark that, in multiple-lane 
repaving of important thoroughfares, we plan always to have a two-
way travel breadth of old or new pavement available for public 
and abutting business and residence access. Exceptions to this rule 
are made where adjoining streets or alleys afford all essential service, 
and also where, within a single block, there may be excluded during 
actual slab-placing operations all vehicular ingress and egress other 
than that of contractor or other connected job and emergency 
requirements. 
(b) As RELATED To STATE HIGHWAYS 
R. T. CASH* 
First, I want to say that even though I am representing the State 
Division of Highways, I am not very proud of our past record in 
designing and constructing city streets. Up to a few years ago we 
practically ignored the fact that a city street, even if it is a part of a 
state highway, requires entirely different treatment in its improvement 
from that required by a country road. We have some good alibis of 
course, such as legal restrictions, shortage of funds to meet the mileage 
requirement, etc., but many times we built pavements through small 
municipalities, which in their design violated practically all well-es-
tablished practices of good city engineering. I believe we are doing 
better now. In fact I am rather proud of the .new pavement here in 
Champaign built last year on Springfield A venue between First and 
Wright Streets, a part of Route 10. This pavement was designed by 
the former city engineer using our standards with a few changes 
incorporated at the time of construction by Mr. Danely, the present 
city engineer. Please look it over before you leave if possible. You 
can recognize it by the newly planted elm trees in each parkway. 
There are two main problems in city street design. One of these 
1s below the ground and the other is on top of the ground. I have 
*District Engineer, District 5, Illinois Division of Highways, Paris, Ill. 
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about come to the conclusion that the one below the ground is the 
more important. When you see exposed the junk existing under some 
of the older pavements in our cities you can't help but wonder how the 
present-day city engineer, who inherits this condition, keeps from 
joining the social group at the Kankakee Asylum. Inadequate storm 
and sanitary sewers, poorly-located and constructed public utilities, 
and subgrade material consisting of clay, cinders, old brick bats, old 
bed springs, discarded baby buggies, bottles, old shoes, etc., must be 
taken care of before any type of surface is placed. 
First, all unsuitable material in the subgrade should be removed 
and replaced with proper material. 
Second, the storm sewer system should be thoroughly investigated 
to see if it is of sufficient size, proper depth and grade, and in satis-
factory condition to remain in place. If it fails to meet these condi-
tions, it should be repaired or replaced. In nearly every case it is 
usually advisable to add a number of manholes to facilitate main-
tenance even if the system is otherwise satisfactory. 
Third, sanitary sewers should be handled in the same manner as 
storm sewers, with the addition of providing sufficient laterals extend-
ing beyond the edges of the proposed pavement to give future access 
to existing unimproved properties without disturbing the proposed 
surface improvement. 
Fourth, every effort should be made to contact the proper officials 
in charge of public utilities such as water, light, gas, heat, etc., and 
plan with them to so arrange their facilities that any future repairs 
or additions to their services will disturb the proposed surface im-
provement as little as possible. Aside from the economics involved, 
intelligent foresight in planning subsurface improvements reduces to a 
large extent a condition that is now prevalent on many of our city 
streets-that is, hazardous and unsightly street repairs. If this kind 
of planning is not done, then somebody should invent some "zipper" 
arrangement for surface improvements so that subsurface repairs and 
additions could be made without damage. 
The severe winter has forcibly brought to our attention the need 
for determining as nearly as possible the minimum cover for water 
mains and service pipes to prevent freezing. In all cases, especially 
if the grade of the existing street is to be lowered, the matter of 
protecting water facilities should be studied thoroughly, and in cases 
where it is impossible or impractical to obtain sufficient earth cover, 
the pipes should be covered with insulation. Judging from the recent 
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news dispatches from Belleville, the same precautions should be used 
for gas mains and ervice pipes. 
While we are emulating the mole by burrowing under ground we 
should also consider pedestrian underpasses. In our haste to provide 
the motorist with a satisfactory riding surface we have in some 
instances failed to provide sufficient safety features for the pedestrian. 
erious consideration should be given to the construction of pedestrian 
underpasses at all dangerous intersections, and especially at points 
where a large number of school children are obliged to cross the 
pavement. 
Assuming that everything under the ground is in good order the 
next step in street design is the surface improvement. I will not dis-
cuss type of surfacing because these are determined by local prefer-
ences and fund available. In any case, there are certain fundamental 
features of design which are applicable regardless of the type of 
surface used. These are widths, parking areas, crown, grades, private 
drives, and landscaping. 
The width of an improvement depends upon the number of lanes 
required to carry the anticipated traffic, and the parking areas needed, 
plus gutters and curbs. Traffic lanes should each be at least ten feet 
wide, parking area should be eight feet wide, and each curb and 
gutter will usually cover an overall width of 18 inches to two feet. 
ince man has traded his legs for a motor car he will park this 
car on city streets. " o parking" ordinances and laws can be passed 
from now until doomsday and they will not get 100 per cent observ-
ance because large majority groups will do as they please, law or no 
law. 
I have, therefore, come to the conclusion that parking space must 
be provided on city streets, even on those marked as state highways. 
In most cases these parking lanes must be constructed adjacent to 
outside traffic lanes, but where the right-of-way width permits, and 
where there are flat grades on private drives , I believe the parking 
lane could be constructed adjacent to the sidewalk with a four- or five-
foot landscaped parkway between the parking lane and the outside 
traffic lane. This method would require a greater width than eight 
feet for the parking lane in order to permit turning into private drives, 
and would also cause additional expense for curbs and storm water 
drainage facilities, but I believe would have safety advantages which 
would offset these costs. 
Surface improvements, regardless of type, should have only enough 
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crown to cause water to flow to the gutters. Excessive crown on many 
streets has trained the motorist to fear traveling near the curb as 
if it were lined with small pox patients, because he feels that if he 
gets near it when the pavement is coated with ice he will probably 
suffer a broken wheel, or even if this doesn't happen he will have as 
much trouble getting away from it as he would have in getting away 
from an old maid who is anxious to get married. 
On city streets it is much more difficult to establish the grade line 
than is the case on rural highways. On city pavements that are pro-
vided with a curb, a gutter, or a combination curb and gutter, the 
minimum gradient should be not less than 0.3 per cent in order to 
eliminate pools of standing water. To properly fit the abutting prop-
erties and not make too frequent changes in the gradients it is some-
times impossible to secure even this much of a grade. In such cases 
extreme care must be taken in the construction of the curb and gutter 
to secure proper drainage. It may also be necessary to make the grade 
of the gutter line steeper than the grade of the crown of pavement 
to secure proper drainage. 
Where an existing city pavement is in pretty fair condition but 
too narrow to adequately serve the traffic needs, our first thought is 
to widen or widen and resurface, thereby utilizing the existing pave-
ment. This is natural, and I believe is the proper procedure, providing 
the existing pavement has a satisfactory grade for the abutting proper-
ties. Too often some of the older city pavements are already placed 
too high for the abutting properties. When they are widened or 
widened and resurfaced this aggravates the condition, the finished im-
provement is not up to the standard required, and we are inviting 
many complaints from the property owners. I believe we should give 
this matter more attention, and that we should not practise economy· 
by utilizing an existing pavement unless it will properly fit into our 
proposed improvement. 
Another design problem which concerns safety to some extent is the 
design of private entrances located on city streets. It is important that 
these entrances be constructed of sufficient width and radius to enable 
the motorist to use them without the necessity of crossing into another 
traffic lane in order to make the turn. It is also important that these 
entrances be constructed on as slight a grade as possible. Wherever 
possible easements from property owners should be secured in order 
to go back a sufficient distance to eliminate dangerous approach 
grades. 
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There are instances where a modified or shallow concrete gutter 
can be used to advantage on city streets. This is true especially in 
smaller communities, and through closely built-up sections adjacent 
to these places, where no sewer system exists. In such places where 
it is not deemed necessary to construct a pavement width to include 
parking lanes, and where it is practically impossible to construct and 
maintain adequate ditches on account of limited right-of-way and 
numerous entrances and parking spaces, we have constructed a shallow 
gutter adjacent to each edge of the pavement. This gutter is identical 
with our standard type "B" gutter except that it has a 2lf2-inch rise 
on the backslope instead of four inches. While shallow enough to allow 
vehicles to drive over it without difficulty this type of gutter still has 
sufficient water-carrying capacity for the flat grades usually encoun-
tered. It presents a pleasing appearance, and eliminates the necessity 
of frequent entrance culverts. 
There may be some difference of opinion about the necessity for 
landscaping rural highways, but I don't believe there can be such 
differences about city streets in residential districts. Present and 
future landscaping features should be a basic part of street design, 
and since each district now has a landscape engineer he should .be 
required to work with the design engineers on all plans, so that the 
finished job will not only be satisfactory for traffic use but will be in 
harmony with the well-kept lawns and gardens which the residents 
along the street usually maintain. 
IV. HINTS FROM EUROPE 
JOHN S. CRANDELL* 
During the past eight years there has been a renaissance of high-
way building in Italy, Austria, Germany, and England. At the 
present time it has reached its peak in Italy, and by 1938 it will 
have done so in Germany. Austria, being at the present time in seri-
ous financial difficulties, has given up the struggle, and no longer is 
endeavoring to complete the program which she so valiantly began 
in 1930. England is hard_ at work doing some real research in the 
endeavor to learn more about the different types of highways before 
she spends her money building what she possibly will find later on 
to be worthless. 
Italy has built under the Fascist Regime close to 10 DOO miles of 
modern heavy-duty, dustless highways. There is no part of the 
Empire which is not reached by good roads. For the most part the 
entire system is macadam, surface-treated with bituminous materials. 
There are a few short stretches where higher types have been built, 
but it has been found that, with present traffic conditions, surface-
treated macadam is adequate. 
A number of toll roads totaling 400 miles has been built connect-
ing some of the more important centers. These roads are called 
autostrade. They are built in such a manner as to avoid entering 
cities; the curves are very flat; grades are less than 3 per cent; and 
grade crossings are non-existent. The road surface consists of concrete 
surface-treated with tar, asphaltic concrete, or macadam with some 
sort of bituminous surface. There is no speed limit, and traffic may 
move rapidly with a minimum of trouble but at a cost for toll of 
about 1112 cents per vehicle-mile. The width of roadway varies, but 
in general is about 30 feet. Some of these autostrade are lighted at 
night, as, for instance, the one from Rome to the Lido. 
The new German system is in construction at the present time 
(1936) although some short stretches have already been opened to 
traffic. I was allowed to travel on about 500 miles of the work under 
construction, being ~ccompanied by several of the resident engineers 
as well as by the principal assistant engineer. These highways will 
have two roadways each 25 feet wide separated by a 15-foot parkway 
strip. They will not enter cities, towns, or villages, but adequate by-
passes have been provided. There will be no grades higher than 3 
*Professor of Highway Engineering , University of Illinois. 
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per cent, and the sharpest curves are approximately 300 meters radius. 
Those sections that I saw are built of concrete for the greater part, 
laid on a 12-inch macadam base. The concrete is 10 inches thick. 
These highways are so laid out as to give ready access from one 
part of the country to another with no. traffic jams, no traffic lights, no 
city traffic, and no speed limit. The roads are obviously designed for 
military traffic. 
One obvious defect of both the German and Italian designs is the 
total lack of adequate shoulders. Another defect is the all too frequent 
use of deep ditches close to the traveled way. 
It may be noted that, in both countries, concrete is omitted in 
those locations where the subgrade is of doubtful stability. 
Austria began a very extensive rebuilding program which now 
has ceased to function and the country is left with a few stretches 
of excellent highway connected by some other stretches of very poor 
construction. The new types that have been laid are asphaltic con-
crete for the most part, or very thick macadam, surface-treated with 
tar or an asphaltic emulsion. In Austria the same difficulties of design 
may be noted as in Italy and in Germany. 
England has many hundreds of miles of fair to good highway. 
She has a few short stretches of very excellent roads and she is en-
deavoring to build adequate roads for the future. With that in mind 
she has established a testing bureau similar to that which the United 
States maintains at Arlington, Virginia. At the present time con-
crete roads are being experimented with, as at the Leatherhead by-
pass just outside of London. Here some 18 different designs have been 
under experiment for the past year or so, and new ones are being 
tried from time to time. The British engineers are very much inter-
ested in concrete construction but they have not come to a unanimous 
decision on the matter of design. It goes without saying that there are 
many miles of tar macadam, tar concrete, tar surface-treatments, and 
cold coal-tar mixes, for England is a tar-producing country. As on 
the continent, England also refuses to place concrete on insecure 
foundations. 
It was interesting to visit one road in particular which crosses a 
wide swampy region about a dozen miles from London. Here a fill 
of stone and gravel was being made which probably averages at 
least 3 feet in depth. This fill extends for about two miles and the 
road surface will be placed on top of it. The surface will be some 
flexible type which will be able to withstand the changes in elevation 
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which are expected to take place. This section is about 50 feet wide, 
and is quite the biggest thing of its kind that I have ever seen. 
It may be said in closing that the Italian and the German super-
highways are well worth our study. We have nothing like them; yet 
they are an outgrowth of the West Chester County, New York State 
Parkway Systems which we have had for the past dozen years. Per-
haps if our military needs were as great as those of Europe, we would 
have such heavy-duty highways as they are building there today. 
V. IMPROVED ROADS AND LAND VALUES 
CHARLES L. STEWART* 
By changing poorly-surfaced and poorly-drained roads so as to 
approach the goal of perfect all-weather highways, an economic result 
is attained for highway users that is analogous to shortening the 
average distance to trading centers or other destinations. Distance 
from farm to town measured in miles or other units has long been a 
factor influencing farm rents and land prices. European situations 
have not yet generally afforded to automobiles and trucks oppor-
tunities for shrinking farm-to-market distances as markedly as have 
American situations. It may be pertinent at the outset, therefore, to 
summarize an analysis made in Germany as to the effect of distance 
from town upon land utilization in farms, upon net returns from 
farming, and upon the valuation of farm land. 
1. Road Distances Vital in Old-World Agriculture.-The German 
Agricultural Council has been keeping financial and management 
records for individual farms for varying terms of years.t Records 
for 999 farms for 1927-28 and for 1261 farms for 1928-29 were 
analyzed f6r the purpose of ascertaining economic characteristics of 
farms located at various distances from town.t 
Road distance in the German study is expressed in kilometers from 
1 to 10, and will be expressed in the following summary as miles in the 
ratio of 2 miles to 3 kilometers. 
The proportion of land devoted to farm uses was 4 per cent lower 
on farms 6 miles from town than on those 1 Ya miles from town. The 
proportion of the farm land that was in meadow and pasture was 19 
per cent higher in farms 6 miles distant than in those within the mile 
range. In reverse fashion, the proportion of farm acres devoted to 
sugar beets, an intensive type of cultivation, was only 50 per cent as 
high in farms 6 miles from town as in those virtually at the edge of 
town. 
Per unit of area, farms 6 miles from town had yields of grain 10 
per cent less than the closer farms. Milk production per cow showed 
the same tendency. With price of milk 5 per cent less on the outer 
farms, milk receipts per cow were still less in relation to those charac-
*Professor of Agricultural Economics and Chief in Land Economics, College of Agriculture 
and Agricultural Experiment Station, University of Illinois. 
tln 1933, there were 50 000 farms for which record cards were on file in the office of the 
Deutscher Landwirtschaftsrat. 
!Padberg, Kurt. " Die Einflusz der Bahnentfemung auf die Landgutswirtschaft." (The 
Influence of R oad Distance upon Farm Business). Berlin, 1931. 
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teristic of the inner farms. For each unit of area* the output of all 
farm products was 10 per cent less on the outer than on the inner 
farms, and the output of farm products requiring transportation 
showed a corresponding difference of 18 per cent. In gross income per 
unit of area the differential was still higher; namely, 21 per cent for 
all products, this average standing between 14 per cent for the prod-
ucts of cattle keeping, and 27 per cent for field products. 
Proceeding in order from outer to inner farms at intervals of two-
thirds of a mile, the net receipts per unit of area in markst were as 
follows: 4, 8, 12, 14, 16, 19, 23, 27, 32, and 40. Net receipts averaged 
only one-tenth as high on the outermost as on the innermost farms. 
On farms of different sizes there were some differences in the way 
these tendencies operated. One group of farms averaged about 1075 
acres, the second group, 200 acres, and the third group, 70 acres.+ 
In purchases of fertilizer the farms 6 miles from town showed 
outlays per unit of area smaller than did farms nearest town by the 
following percentage : large, 19; medium, 24; and small , 38. In gross 
receipts from grain production, the outermost farms showed smaller 
percentages than innermost farms as follows: large, 26; medium, 29; 
and small , 37; and in receipts from livestock: large, 0; medium, 15; 
and small, 28. 
The net receipts per unit of area from the small-scale and middle-
scale farms in the innermost zone were nearly 5 and 10 times as large 
as from those in the outJ;irmost zone. Net receipts per unit of area 
from large-scale farms were largest in the innermost zone, were at 
the zero point in the middle-distance zones, and were increasingly 
large negative amounts from the four-mile to the six-mile distances. 
A leading land valuation expert of Germany, Dr. Walter Rothkegel, 
had been applying a rule that net receipts, or net rent, should be 
estimated to be less by 2 per cent for each additional kilometer of 
distance from market. The bookkeeping results from the 1927-29 
records pointed to a needed reduction of about 5 per cent for each 
kilometer. The bookkeeping results showed that the approximate rate 
of reduction was 61h per cent for small-scale farms as compared with 
41h per cent for large-scale farms. A similar analysis by quality of 
soil indicates that for "soils of medium and poor quality the rate of 
reduction in net receipts for each unit of distance from town was 
higher than for good soil. 
Allowing for the possibility that the two years chosen for the 
*Hectare , roughly equal to 2.4 acres. 
tRoughly, 24 cents. 
!In hectare , the corresponding numbers are 431, 80, and 28. 
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German study may have shown sharper differentiations between 
farms close to towns and those more remote than would have been 
shown in a study including a longer term of years, and allowing for 
other factors possibly tending on the whole to mitigate the differences, 
it seems that the differences actually exist as commanding facts in 
Germany. 
In England, in 1910, one English writer* summarized certain situa-
tions in that country as follows: 
"Market towns containing 1000 to 5000 inhabitants generally influ-
ence the value of land for a distance of three miles, gradually dimin-
ishing from about 30 per cent for that nearest the towns. 
"Towns containing 5000 to 50 000 inhabitants affect the value of 
land for a distance of six miles from 50 per cent downwards according 
to its proximity. 
"Cities and large towns containing more than 50 000 inhabitants 
increase the value of land within ten miles, that in close proximity 
being worth 100 per cent more in consequence of its situation. 
" In the above estimates it has been assumed that a s\iitable rail-
way station is within easy reach of the various towns; but in cases 
where farms are situated near a railway station, which, though placed 
in a country district yet affords ready access to some market town, 
such accommodation has an appreciable effect on the value of the 
holdings." 
Writing in 1933, another English specialistt says: 
"The distance to the nearest market town or to a railway station 
will materially affect value. This, perhaps, will have a greater influ-
ence on rent than any other feature. Small villages have little, if any, 
effect; but market towns if not more than a few miles distant, will 
undoubtedly influence the rent. Land near a town may be worth 50 
per cent more than that three or four miles away." 
In many of the parts of Europe where superior farming has been 
practiced, there is evidence that the villages are surrounded immedi-
ately by land that is more productive than that which lies at a dis-
tance from them. On one occasion I inquired whether this was 
because villages had been built where the most productive soil was in 
the beginning. The answer I received then was that the land near the 
villages had been farmed longest and therefore had its productivity 
built up most fully. 
In the older countries where motorization cannot be said yet to 
have taken much hold, conditions have conspired to favor maintenance 
*Bright, Tom. 11The Agricultural Valuer's Assistant." p. 5. 
tSmith , Sydney A. "The Valuation of Land and Houses." p. 53. 
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of fertility in land near towns. Costs of production and marketing 
were higher farther out. Net rents of more distant farms were thrust 
down relatively to those of farms nearer town. Valuations of farm 
land showed corresponding differentiation. 
2. Road Type and Town Distance as Factors in American Agricul-
ture.-No nation-wide or state-wide analysis has been made in the 
United States for bringing into the clear the effect of distance from 
city on a large list of agricultural phenomena, as in the German 
study to which reference was made.* In six states more or less spe-
cific studies of this relationship have been reported. 
Kentucky 
In an investigation, the results of which were published under the 
title "Influence of a City on Farming,' 't J . N. Arnold and Frank 
Montgomery uncovered a number of striking facts relative to the 
situation of 100 farms in Jefferson County, Kentucky, in 1915. The 
city which served a the base for measuring road distances of farms 
was Louisville. Farms within the inner 8-mile zone averaged 102 
acres, were deriving 68 per cent of their receipts from truck and 
potatoes, 10 per cent from dairy , and 22 per cent from other sources, 
whereas farms 15 miles or more from Louisville averaged 257 acres, 
and derived 20 per cent of their receipts from truck and potatoes, 27 
per cent from dairy and 53 per cent from other sources. Farms at 
intermediate distances were characterized by figures in corresponding 
positions. Gross receipts per acre for farms of specified size, corre-
lating closely to distance from town, were as follows: less than 80 
acres, $96; 80 to 159 acres, $45; 160 to 200 acres, $20; and 300 acres 
and over, $18. Corresponding figures for land earnings per acre were 
$23, $9, $5, and $4, and for profit on investment, 7.0, 5.6, 4.0, and 4.0 
per cent. In terms of distance to Louisville, rent of land and valua-
tion of land were as follows: less than 8 miles, $11.85 and $312.00; 
9 to 11 miles $5.59 and $110.00; 12 to 14 miles, $5.37 and $106.00; and 
over 14 miles, $4.66 and $95.00. The ratio of rent to valuation was 
3.8 per cent for land in farms within the 8-mile zone; 5.1 per cent 
for land in farms between 8 and 14 miles ; and 4.3 per cent for land 
over 14 miles. 
On land valued at over $200 an acre (8 miles from Louisville), 
applications of barn manure and commercial manure averaged $18.00 
*Galpin, C. J. "Farm Population Associated with Size of Farms; with Value of Farm 
Land and Buildings; with Mortgaged Owner-Operator Farms; with Location of Farms on Kinds 
of Roads," may be noted in t h is connection, especially graphic Figures II and 12. 
tU. S. Department of Agriculture, Bui. 678. 
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and $1.25, respectively; while on land valued at less than $80 an 
acre (16 miles from Louisville), the corresponding averages were $3.75 
and $0.60. Land of intermediate values and locations showed inter-
mediate valuations of fertilizer applied. 
Tabulation by minor civil divisions of the farm real estate informa-
tion collected in 1925, 1930, and 1935, reveals that proximity to cities, 
not only to those of the largest size, but to cities as small as 25 000 
population or even smaller, is evidenced by average valuations of farm 
land and buildings per acre higher than in most minor civil divisions 
lying midway between population centers.* 
New York 
Farmers on stone roads in the state of New York reported many 
changes that they had made because of the type of road.t "Some 
increased the milk production; some changed from manufacturing to 
Grade B milk; others changed from Grade B to Grade A; some 
increased the acreage of canning factory and other cash crops; and 
some increased the amount of poultry kept. More tile drains were 
laid and more fertilizer used. Buildings and grounds were improved. 
ome took in tourists. More trucks, autos, and tractors were used. 
:\fore members of the family remained on the farm to work. More 
milk was produced in the winter months. · 
"Other advantages of good roads were that fewer horses had to 
be kept, and those kept were shod less. Mail was delivered more 
regularly. Doctors and educational and social facilities were more 
available. It was easier to keep help. Motor vehicles cost less for 
maintenance. 
"The most important use resulting from stone roads is in the 
field of marketing. Many farmers mentioned the advantage of being 
able to sell when they desired rather than having to sell in the fall 
before roads became impassable. On a stone road, it is possible to hire 
the milk, feed, and other products hauled so that the farmer can 
work on the farm. It is often possible to sell to buyers who come to 
the door for the product. Full loads can be hauled nearly all the year. 
Trips to town can be made on rainy days. Since hauling can be done 
any time, it is possible to order fertilizer, or agree to ship on definite 
dates, and so plan the work systematically." 
A farmer on a hard road in New York state produced more milk 
than one on a dirt road, and produced a practically uniform amount 
*Duddy, El. A., " Agriculture in the Chicago R egion" (Universit y o f Chicago Press, 1929) , 
and Stewart, C. L. , 1 1Farm Real Estate Valuations in Illinois" (University of Illinois Agri-
cultural Experiment Station Bulletin 399) p rovide ma ps for Illinois useful in confirm ing t he 
observation recorded here. 
flVarren and P earson, "Roads in N ew York State," Farm Economics No. 57 , pp. 1052 -3. 
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throughout the year, while the farmer on a dirt road produced less 
than 80 per cent as much a day in winter as in summer. 
Indiana 
A reference to effect of distance to market upon valuation of farm 
real estate in Indiana* appears in "Factors Determining the Valua-
tion of Farm Real Estate in the United States,t by E. H. Wiecking, 
presented before the Second International Conference of Agricultural 
Economists, Cornell University, 1930. "A farm a half-mile from 
market town averaged about $215 an acre in the area studied. A 
farm three miles from town, after the influence of other factors affect-
ing value has been eliminated or 'held constant' by statistical means 
so that only the influence of distance was left, averaged about $198 
per acre, or $17 an acre less. A farm nine miles from market averaged 
about $185 an acre. This was about $30 an acre less than a substan-
tially similar farm a half-mile from town, and about $13 an acre 
less than the same kind of farm was worth three miles from town." 
An additional distance beyond ten miles did not greatly affect the 
realty valuation. 
Iowa 
In an article entitled "Comparative Farm Land Values in Iowa,"t 
H. A. Wallace called attention to an insurance company score card 
used in appraising corn-belt land, in which, under community value 
for which a maximum score of 25 per cent was allowed, the maxima 
provided for roads and for markets were 8 and 5 per cent, respectively. 
Illinois 
In an Illinois study,~ Dr. G. L. Jordan found that, in Champaign 
County, for every mile above the average farther distant from Cham-
paign-Urbana, the influence of all other factors being held constant, 
the selling price of the farm was reduced 97 cents per acre. 
Another example of how distance of farm land has been influenc-
ing land utilization, land income, costs, rents, and prices per acre in 
the United States, is given with reference to the northern Great Plains. 
*According to Black and Blaok , "The Principles Involved in Farm Land Appraisal Pro -
cedure for Loan Purposes," Journal o f Land and Public Utility Economics, October, 1926, the 
Division of Land Economics , Bureau of Agricultural Economics, and the Bureau of Public Roads , 
United States Department of Agriculture, undertook six studies in coOperation, three in Iowa, 
two in Indiana . and one in Wisconsin. It appears that formal reports were made for none of 
these studies. The informal report on Indiana must su ffice. 
tProceedings, Second International Conference of Agricultural Economists, pp. 1012-24. 
!Journal of Land and Public Utility Economics , October 1~26 , p. 384. 
~:Factors Affecting the Selling Price of Farm Land , with Special R eference to Champaign 
County, Illinois, 1913-1927. 
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Missouri 
In a Missouri study* by Dr. C. H. Hammar, distance from local 
shipping facilities was less noticeable as an influence on land valua-
tions than distance from "a metropolitan or semi-metropolitan" center 
of population. "The site value influence of the smaller cities and 
towns extends . . . . over short distances only, and even those for St. 
Louis and Kansas City probably not more than about 50 miles . . ... 
A residual effect on values remains constant even at 40 miles distance 
(from Kansas City), but from about 25 miles on is so small as to be 
ea ily covered up by local influences." 
North Dakota 
In McKenzie County, North D akota, a studyt based on unpub-
lished data of the 1930 census indicated the following: 
"The townships within six miles of a railroad station sold a greater 
amount of milk, cream, and butter. 
"These same townships had a lower percentage of t he crop land in 
wheat. 
"The amount of plowable pasture in the townships adjacent to the 
market centers was larger than in those more distant. 
"The townships situated from 6 to 12 miles distant from market 
u ually carried the highest percentage of tillable land in wheat, with 
an approximate average of 52 per cent of the tillage land devoted to 
this crop. 
"The prevalence of the use of the motor truck to market wheat 
makes it desirable to place the cost of marketing upon that basis. For 
every mile an ideal forty is distant from the wheat market, a charge 
of 64 cents is exacted for the marketing of its products. The capital-
ization of this charge of 64 cents at 5 per cent gives $12.80 as the 
amount to be deducted from the value of the forty, per mile of 
di tance. If the evaluation of the best land is placed at $20 an acre 
{or 800 per forty) a deduction of 1.6 per cent of the land value of the 
ideal forty is deducted for each mile of distance to equalize the market 
costs. 
"It is necessary to provide for a correction in this figure of 1.6 per 
cent a mile according to the change in the type of farming as the 
distance from market increases. On the basis of observations in the 
*"Factors Affecting Farm Land Values in Missouri," Univ. of Mo. Agr. Exp. Sta . Research 
Bui. 229 , pp. 44 and 45. 
!Kellogg, C. E. and Ableiter , J. K. , " A Method of Rural Land Class ifi cation," U. S. 
Dept . of Agr. Tech. Bui. 469 , pp. 21-24. See also K ellogg, C. E., " A Method for the Classi-
fi cation of Rural Lands for Assessment in West ern North D akota ," J ournal of Land a nd 
Public Utility Economics (10) 15. 
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county, it was assumed that at a distance of 40 miles essentially all 
the crops produced on the land in the cropping use group will be 
marketed as livestock. The reduction in value for the ideal grazing 
lands would amount to 0.5 per cent a mile. As ideal grazing land is 
here taken to be equivalent to 30 per cent of ideal cropping land, this 
percentage reduction amounts to 0.15 per cent a mile on the basis of 
ideal cropping land as 100 per cent." 
3. Importance of Distance frorn Fann to Hard Road.-In analyz-
ing factors of road type and distance the usual approach is to consider 
the type of road on which the farm fronts, and then to consider 
distance from farm to town, disregarding the proportion of the dis-
tance to be covered on the type of road on which the farm fronts , and 
disregarding also the proportions of the distance covered on types of 
roads better or worse. Distance from the farm to an all-weather road 
may be as practical a basis of approach as distance from farm to 
town, because, except for barriers incident to storms, and for 
unusually long stretches that require hours to traverse, distance on 
all-weather roads can be largely disregarded. 
Nebraska 
Using data collected by the Department of Rural Economics, Uni- . 
versity of Nebraska, C. W. Walrod, a graduate student in civil engi-
neering, studied 124 farms in Cass County.* He found that land 
values decreased a their distance from the highway increased up to 
four miles. The difference was about $12.40 per acre per mile or 4 
per cent of the land value. 
Vermont 
Highways in Vermont are classified as "state highways," "state-
aid highways," and "town roads." "Farm real estate buyers were 
apparently willing to pay a premium for location near a state highway 
when the lands were level and rolling, but not when they were rough.t 
The reduction on both the level and rolling lands as the distance 
increased from less than a mile to over 8 miles was about $16. Since 
the rolling lands were valued at a somewhat lower rate than were the 
level lands, the proportional decrease was somewhat greater than in 
their case." 
It must be noted that farms near highways tended also to be rela-
tively near railway stations. Of the two factors, however, the author 
believes distance to highway to be of considerably greater importance 
than distance to town. 
*Chatburn, George R., "Highways Lead to Higher Yalues," Engineering News Record , 
Jan. 3 1929, pp. 22-24. 
tAdams, T. M .. "Prices of Vermont Farm Real E state," pp. 21-22. 
CONFERENCE ON HIGHWAY ENGINEERING-1936 55 
New York 
In a 1933 study of 274 part-time farms in four New York coun-
ties,* Dr. Kenneth Hood found that "The net appreciation in the 
rnlue of real estate for the group which bought their property with 
the buildings already erected ranged from 10.6 per cent for those 
located on the hard roads to 3.4 per cent for those located one mile or 
more from a hard-surfaced road. Only one operator in the group 
which bought land and built was located over one mile from the 
hard road." 
In a 1935 New York study by Dr. W. M. Curtiss,t to which 
further attention is given below, farmers on gravel roads, but at a 
distance of less than one mile from a hard road, estimated that their 
farms would be worth 15 per cent more per acre if the roads by their 
places were hard surfaced. The corresponding estimated increase 
reported by those on gravel roads who lived from one to two miles 
from a hard road was 20 per cent, and for those living two or more 
miles it was 25 per cent. Farmers living on dirt roads less than one 
mile from a hard road estimated that their farms would be worth 35 
per cent more if the roads were hard surfaced. For those on dirt roads 
between one and two miles from a hard road, the corresponding per-
centage was 45. For the various distances the increase estimated for 
those on dirt roads was twice that for those on gravel roads. Roughly 
5 percentage points additional premium for hard surfacing were shown 
for each more remote mileage zone where farms were on gravel and 10 
percentage points more where farms were on dirt. 
4. R eported Acre-Value Enhancements from Hard Roads.-In 
some of the American studies to which attention will be called in this 
paper,:j: there is a tendency for attention to be given to town distance 
and fronted road type as more or less independent factors. One war-
rant for not always maintaining an emphasis on town distance is 
that with the more widespread availability to farmers of all-weather 
roads suitable to swift movement in truck or automobile, sheer mileage 
*Rensselaer, Saratoga, Albany , and Schenectady. 
t"Value of Improved Roads to New York Farmers ," Farm Economics 92, Dec. 1935. 
lWhile the studies included here were all published subsequent to the World War, some 
students may wi h to note the results of road economic studies published in 1916 by the Office 
of Public Roads, United States D epartment of Agriculture, and covering information assembled 
during the years, 1910-1915. These are summarized in Pennybacker, J. E., and Eldredge , M. 0., 
"Economic Surveys of Concrete Highway Improvement." Counties included were as follows: 
Virginia, Dinwiddie , Lee, Spottsylvania and Wise; New York, Franklin; Mississippi, Lauderdale; 
Florida , Manatee, and Alabama, Da1las. Summary for these counties in much briefer form is 
found in Bomberger, F. B., "The Value of Farm Lands in Maryland ," and "Change of Value 
Owing to Good Roads," in Second Biennial Report of the State Tax Commission of Maryland , 
1918, pp. 142-147. In Bomberger is also found a discussion of land va lues near Federalsburg, 
Maryland, 1912. 
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has been losing more and more of its former old-world and new-world 
significance. 
An attempt is made here, by way of introduction, to afford a brief 
summary of those land price differences reported by American investi-
gators which represent, in their judgments, the approximate extent of 
the superiority of hard roads over unimproved roads. Unfortunately, 
space limitations have resulted in unduly lessened attention to gravel 
roads in this paper. 
Valuation of Land Added Valuation of Location of Area and Buildings in Land and Buildings Im-
Years When or Studied Farms, Assuming puted to Hard-surface Roads Surname For Which Data Roads Farms of Front to Be of Were Collected• Average Type for Author 
State Localityt Area dollars per per cent dollars per acre acre 
1913-27 .......... Ill. ~/::'em£::fh $245.94 $ 18. 73 7.6 Jordan 1916-19 .......... Minn.t 147 .00 21.92 14.9 Haas 
1922-23 . .. ..... .. Pa. Southeast 124 . 35 24.50 19 . 7 Ezekiel 
1926 .. ........... N.Y. All state 55.20 15.18 27 .5 Tennant 
192 -33 .......... Vt. All state 12. 00-32. 00 0.41-16 . 25 3-51 Adams 
1932 ... . ......... N.Y. Tompkins 30. 65--46. 18 6.00- 8.00 17-20 Lewis 
1935 ............. N.Y. All state 37 .OQ-47 .00 16.00-24.00 43-51 Curtiss 
1935 ............. Mo. Texas 10 . 16 2. 16 20.7 Hammar 
•For year when report of study was filed or published, see list of references appended. 
tCounty, except as otherwise d esignated . 
tAnother study believed to have additional information for a Minnesota area is an unpublished 
doctoral dissertation filed at the University of Minnesota in 1930 hy C. H. H ammar, and entitled 
"Farm Incomes and Land Values in the Cut-Over Region of the Great Lakes States." 
In the eight studies which were available to the writer, the incre-
ment to the valuation of farm realty imputed to hard surfacing the 
roads that provide these farms with market outlet was such as to be 
expre sible in percentages from 3 to 51, with considerable concentra-
tion between 15 and 30. The general average of prevalent road type 
could not be expected to be the same from one locality to another. If 
an attempt were made to express the increments from a dirt-road 
basis, there would be still wider diversity in the extent to which they 
are graded, oiled, or otherwise prepared by man or nature so as to be 
usable under diver ified weather conditions. In the Pennsylvania 
study, for example, the differential in valuation between a dirt-road 
and a stone-road basis is placed at $32 as compared with $24.50, the 
amount shown here. 
These studies are of sufficient interest to warrant outlining to some 
extent the methods used and the results obtained. 
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Pennsylvania 
In "Factors Affecting Farmers' Earnings in Southeastern Pennsyl-
vania,"* Dr. M. J . B. Ezekiel reported in 1926 the results of a study of 
farm organization and practice among dairy farmers of the Piedmont 
Plateau region of the Atlantic Coast. The southeastern portion of 
Chester County, Pennsylvania, was selected as the area. Records for 
422 farms were included for the year April, 1922, to March, 1923, and 
of these 368 were the basis for the more refined real estate analysis.t 
The area is opposite the north boundary of Delaware, and similar 
dairy enterprises may be said to stretch from northern Virginia across 
Maryland, the northern tip of Delaware, about one-seventh or eighth 
of Pennsylvania, most of the northern third of New Jersey, and a 
small part of New York west of New York City. 
Types of roads were designated according to a "code" as follows: 
{l) "state" road, concrete or asphalt; (2) macadam road; (3) broken 
stone, gravel or slag, water bound; and (4) dirt road. 
Eight factors, believed to account for over 95 per cent of all the 
causes which affected the acre value of these farms, were included. 
Two of the eight factors are of particular interest. On the average for 
each increa e of one unit of road type index there was a decrease of 
6.73 in farm value per acre, and for each increase of a mile in dis-
tance from town a decrea e of $5.47 per acre. 
The type of road accounted for 'Yi 0 of 1 per cent and distance from 
town for %0 of 1 per cent of the 96 per cent of total influence. 
Refining the analysis by omitting certain mushroom farms, the 
remaining four-fifths of the farms showed more significant differences. 
Only about 60 per cent of the total influence could be accounted for 
on this basis, but of this %o of 1 per cent was traceable to type of 
road, and 2 per cent to distance from town. 
Deviation from average value per acre, other factors being the 
same, was shown to be as follows-: 
Concrete, asphalt, or macadam. . . . . . . . . . . . . . . . . . . . . . . . . . . Plus 
Broken stone or gravel. ... .. .......................... . .. Plus 




Deviation from average value per acre, other factors being the 
same, was shown to be as follows for the various miles distant: 0, plus 
$8.11; 1, plus $5.20; 2, plus $4.00; 3, minus $4.40; 4, minus $11.70; 
and 5, minus $13.20. 
•u. S. Dept. of Agr. Bui. 1400, April 1926. 
tFarms reporting mushroom enterprises were excluded from a portion of the study. 
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Minnesota 
In "Sale Prices as a Basis for Farm Land Appraisal,"* Dr. C. 
Caspar Haas reports a study of 160 farms sold in Blue Earth County 
in southern Minnesota in 1916 to 1919. He sought to isolate the 
influence of the following factors: value of buildings per acre, type of 
land, crop yields, distance from market, size of adjacent city or 
village, and type of road upon which located. He determined by 
simple tabulation that state macadam roads should be assigned an 
average valuation per acre of $21.92 in excess of dirt roads. 
Half of the farms were between two and five miles from market. 
Of the other half, 19 were less than two miles from market and 42 
were from 5 to 11.5 miles from market. Other things equal, the farm 
11.5 miles from town was worth $35.92 less than the farm a mile from 
market. 
New York 
Two types of Cornell studies deserve attention in dealing with the 
problems of land valuations and roads. Results of one study are 
reported by Dr. J. L. Tennant in a bulletin entitled, "The Relation-
$hips Between Roads and Agriculture in New York."t The field work 
was done in 1926. Farmers living on hard-surfaced roads were asked 
to estimate the decrease which they believed would occur in the value 
of their farms if these were located one mile and three miles from a 
hard-surfaced road. The median of these estimates was $17.82 for the 
one-mile radius and $33.75 for the three-mile radius. Farmers on 
gravel and dirt roads were asked to estimate the increase which would 
occur in the value of their farms if these roads were hard surfaced. 
The median increase by which it was estimated valuations per acre 
would be increased if gravel roads were hard surfaced was $12.50, and 
if dirt roads were hard surfaced $15.58. The increases estimated as 
likely to accrue from hard surfacing were higher in sections where 
land values were already high, but the proportion of increase to value 
before road improvement held close to 25 per cent. 
In a study of 274 part-time farm in four ew York counties,:j: 
·1933, Dr. Hood found that the "net investment in real estate for 
properties purchased with the buildings erected and located within the 
three miles of the nearest incorporated trading center appreciated 22.4 
per cent in value from the time of purchase until 1933 while the appre-
ciation averaged only 9.8 per cent for the group, six miles or more 
*University of Minnesota Agr. Exp. Sta. Tech. Bui. 9. November , 1922. 
tCornell Bui. 479 (May , 1929). The results summarized here are also summarizPd , with 
credit to Doctor Tennant . in an article by Professors Warren and Pea rson, entitled , "Roads in 
New York State," Farm Economics , Cornell University 57 (F ebruary, 1929) , pp. 1046-1053. 
tRensselaer , Saratoga , Albany, and Schenectady. 
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from the nearest trading center. The years in which the properties 
were acquired were about the same for each group. Appreciation in 
the value of real estate for the group which bought land and built 
their homes averaged -0.8 per cent for those located within three miles 
of the nearest trading center and -11.3 per cent for those six miles or 
more away. 
In a 1935 study entitled "Value of Improved Roads to New York 
Farmers,"* Dr. W. M. Curtiss, Cornell University, states that "Farm-
ers probably underestimate rather than overestimate the value of new 
facilities and improvements on their farms. This would be expected 
for such improvements as telephones, electricity, and improved roads." 
A questionnaire was sent to farmers, two-thirds of whom, a total of 
3365, estimated values of their farms with three different types of 
roads, dirt, gravel, and hard. The 1047 farmers living on dirt roads 
estimated their farms were worth $37 per acre. If their roads had 
been gravel, they estimated the farms would have been worth $45 per 
acre, or, if hard-surfaced $53 per acre. The 769 farmers located on 
gravel estimated their farms were worth $55 per acre and would be 
worth $45 if on dirt and $65 if on hard roads. The 1549 farmers 
located on hard roads estimated that their farms were worth an 
average of $71 per acre, and would be worth $57 if on gravel roads 
and only $4 7 if on dirt roads. The author adds: 
"Rural roads recommended for improvement in New York will 
serve approximately 360 acres of land per mile. Hard surfacing a 
dirt road adds an average of $21 per acre to the value of adjoining 
farms. Graveling a dirt road adds $9 per acre. On this basis, each 
mile of hard-surfaced road would increase land values approximately 
$7560 and each mile of gravel road would increase land values $3240. 
A second type of study fostered at Cornell is that of Dr. A. B. 
Lewis, published in April, 1934, under the title, "An Economic Study 
of Land Utilization in Tompkins County, New York."t Within two 
land classes studied, farm real estate on hard-surfaced roads was 
valued 19 per cent higher than was land in farms on dirt roads. The 
increase in full value computed by the author as likely to result from 
building one mile of hard-surfaced road ranged from $1865 to $2496, 
according to class of land. Acres per mile of road varied from 322 to 
286. Farms averaged from 116 to 134 acres each, and averaged from 
$30.65 to $46.18 per acre in valuation. Increment per acre imputable 
to hard surfacing ranged from nearly $6 to nearly $8. 
*Farm Economics, 92, December, 1935, pp. 2231 and 2237 -39. 
tCornell Bulletin 590. 
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As between the two types of approach that employed by Doctor 
Lewis showed more conservative results. 
Illinois 
Dr. C. L. ·Jordan reported on "Factors Affecting the Selling Price 
of Farm Land with Special Reference to Champaign County, Illinois, 
1913-1927." Using methods substantially the same as those used by 
Doctor Haas, and applying them to 100 farms, the following data were 
secured concerning roads: Farms on paved roads showed an average 
selling price of $18.73 an acre more than those on . dirt roads. Those· 
on oiled roads showed a differential of $11.36 over dirt roads.* 
O hio 
In analyzing the "Effect of Various Factors on Sale Price and Tax 
Valuation of Farms"t H. R. Moore noted that for 340 Ohio farms sold 
in 1927 and 1928 the sale price per acre for farms bordered by speci-
fied road types was as follows: paved, $122; gravel, $95; and earth, 
$69; and for the ame farms classified by miles to local market: 1 
mile, $114; 2, $101; 3, $89; 4, $86; 5, $88; 6, $71; and 7 or more, $40. 
In like manner, the ratio of sale price to tax valuation was highest 
on paved road , and on roads near town, indicating a tendency on 
the part of the tax a e sors to undervalue for tax purposes farm real 
estate having these evidences of locational superiority. Relatively low 
tax valuations per $100 of sale valuation may have contributed toward 
the resistance of these well-located properties to downward pressure 
in sale prices. 
5. Road Type and Town Distance as Factors in Farm Fore-
closures.-An interesting aspect of the significance of improved roads 
on the land market i covered in a study by Dr. F. F. Hill, entitled, 
"An Analysis of the Loaning Operations of the Federal Land Bank of 
Springfield (Massachusetts) from Its Organization in March, 1917, to 
May 31, 1929.":j: 
For loans made in New York by the Federal Land Bank of Spring-
field, 1917-1929, the following was shown: The percentage of fore-
closures on loans on farms on hard-surfaced roads was 2.1 for farms 
within two miles of market, but 3.5 on similarly located farms on dirt 
roads. For farms between two and four miles from market, the corre-
*Page 26. 
tForty-Eighth Annual R eport (for 1928-1929) Ohio Agricultural Experiment Station Bui. 
446, p. 171. 
!Cornell Agr. Exp. Sta. Bui. 459. See also, by the same author, " The Relation of Various 
Factors to Foreclosures of Farm Mortgages in Northeastern United States," in Proceed ings of 
the Second Internationa1 Conference of Agricultural Economists. 
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sponding percentages were 1.6 and 5.6; for those between four and 
six miles from market, 1.8 and 5.3; and for those six miles and more 
from market, 3.5 and 6.8. 
6. Summary and Outlook.- lt can be regarded as almost obvious 
that the effects which improved roads have on farm values in one 
section of the United States do not necessarily hold good for the 
other sections of the country.* There is reason to suppose that these 
effects differ from one part of the state or farming-type area to 
another. There is some basis for believing that road di tance and 
road type have not been critical factors in determining net rents and 
selling valuations in areas in which grain, hog, and beef cattle produc-
tion predominate. There is ba is for believing that road type and 
road distance are of critical importance in determining use of land 
and rent and valuations in areas producing regular market supplies 
of milk, eggs, and horticultural products.t The influence which kind 
of farm products, size of nearby consumption center, class of shipping 
point, size of farm, proportion of land within the farm that is level 
or rough, and adaptable to one crop or flexible as to use, and other 
factors have had upon the valuation of farm real estate on various 
kind of roads and at various distances from all -weather roads and 
from markets in various parts of the country is not known .:j: 
For sound valuation for credit and tax purposes, if for no others, 
precise and repeated determinations should be made. No finer oppor-
tunity i offered in many state than to apply the more refined meth-
ods demonstrated to be practical in many of the American studies so 
that the situation as to road-type increments in land values in various 
districts may be known to taxing officials and assessment supervisors, 
to appraisers for credit agencie , and other public and private interests. 
Hard roads create land-value increments in farms on or near them. 
To what extent do these increments remain available to those who 
own the land at the time when the improvements are made and to 
what extent do stiffened tax assessments keep the actual selling prices 
from being revised upward sufficiently to attain the maximum figures 
*Wiecking, E. H. "The Relationship of Farm Buildings and Improved Roads to Land 
Yalues" (address at Univ. of Minn., June, 1928, mimeographed by the U. S. Bureau of Agr. 
Economics). 
tCompare Gaddis, P. L., "A Policy for Nebraska Farmers," in part as follows: "The 
distance from market and the kind of roads over which it is reached are especially important 
when specialized and perishable crops or products such as milk, potatoes, sugar, beets, and 
apples must be marketed regularly or at a particular time. Closeness to market is least 
important to cattlemen and sheepmen who market their product on the hoof." 
IP. L. Gaddis, "Appraising Farm Lands for Loan Purposes. Annals of Real Estate Prac-
tice," V (1927), pp. 209-211. After giving a six-fold classification o f farms from the standpoint 
of roads on which located, Mr. Gaddis outl ines rather definite suggestions for an appraiser to 
allow percentages for road types above the average and for various town distances. He adds, 
however, as is fitting in the absence of much more research, that the figures given are 11 sugges~ 
tive rather than exact as each case must be decided on its own merits." 
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which such increments would otherwise attain? Is a basis for judg-
ing the contribution of road improvement to be found in production 
and marketing costs and incomes, independently of real estate valua-
tions representative of actual recent sale prices in the same area or 
in areas with established comparability? Are the more recent stages 
in the good road development increasing the premiums on land located 
on or near good roads or reducing them? Are there later stages estab-
lishing a discount on land remote from good roads? What is a fair 
maximum proportion of cost of building hard roads that could be 
assumed by owners of rural and other real estate in localities served 
by these roads, consistently with' proper sharing of costs with non-
local users of the same highways? 
Answers to questions such as these require the exertion of many 
times the amount of coordinated research energy that has thus far 
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VI. ADAPT ABILITY OF BITUMINOUS ROAD SURF ACES 
CARL R. FRENCH* 
During the last four years the counties and municipalities of Illi-
nois, with Department cooperation, built bituminous surfaces on 
approximately 275 different sections. By name, these sections are 
classified as 25 to 30 different types of surface. The service results 
in nearly all cases have amply justified the expenditure. With such a 
variety of names to choose from, considerable confusion is apt to 
arise in the mind of the average engineer; we have some difficulty in 
our own office in getting the various sections properly tagged. With 
the aid of the new State Specifications, which became available the 
middle of last season, construction is becoming better standardized 
and classifications simplified. 
Bituminous construction may be divided into four general phases: 
(1) Choice of type; (2) design of surface or preparation of specifica-
tions; (3) construction; ( 4) maintenance. Each is of about equal 
importance. I believe, however, that more errors are made in choice 
of type than in any of the other three. No formula can be written 
which will apply, but there are certain characteristics of each type 
which makes it more suitable than any other for a certain set of 
conditions. 
The conditions involve many items, any one or all of which may be 
present in the problem of choice. These conditions are traffic, cost, 
funds available, aggregate available, investment in existing surface, 
availability of construction equipment, whether job is to be built by 
day labor or contract, size and location of project. Almost any type 
has certain characteristics which make it more suitable under certain 
combinations of these conditions. Even with all other conditions 
satisfactorily met, it is necessary that modern equipment suited to the 
work be used if the best results are to be obtained. 
Regardless of the type of surface to be constructed, a careful 
examination should be made of the subgrade of the road which it is 
proposed to surface. Every county superintendent, city engineer or 
street commissioner is familiar with the weak spots in the roads under 
his care. There is a reasonable probability that any such weak spots 
are due to a faulty condition of subgrade or drainage. Such condi-
tions should be corrected before any type of surface is applied. 
No attempt will be made to classify surfaces by the amount of 
traffic they will carry, because, as stated before, especially with the. 
•Assistant Engineer of County Roads and City Streets, Illinois Division of Highways, 
Springfield, Ill. 
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lower types of bituminous surfaces, the volume of traffic is only one 
of the several factors dictating the desirability of the particular type 
of surface. 
Three General Groups 
Bituminou surfaces may be placed in three general groups: 
The first group includes dust palliatives, which consist mainly of 
the application of road oil to the original earth or to a gravel sub-
grade. One or more applications of bituminous material may be 
necessary during a season; and during the early stages of construc-
tion a year-round road is not necessarily produced. 
There are some localitie where there is no local material available, 
and the cost of shipping in material is excessive, so that it is more 
economical, on all but the more important roads, to continue oiling 
the earth grade than to construct a base suitable for a more advanced 
bituminous surface. 
Where it is desired to oil a gravel subgrade, an extremely light 
oil which will not produce a mat, but will require two or more 
applications a season, can be used; but more satisfactory results will 
be obtained from an E-3 or E-4 oil, followed by a light cover coat of 
torpedo sand, fine pea gravel ·or stone chips. The cover coat is quite 
necessary in the case of road oil on gravel to prevent pot-holing. 
The second group is that of surfaces used in stage construction, 
where the existence or construction of a certain amount of base is 
as urned. In this group are classed the ordinary surface treatments 
such as our A-1 or A-2 specifications, and also the graded aggregate 
mixture C-1 where that specification is used for road-mix stage con-
struction, using the slow curing oils. The ideal condition for this or 
any other type of bituminous surface is to have an adequate self-
supporting base before any surface is placed. The lack of sufficient 
base to be entirely self-supporting should not prevent the use of the 
tage construction type of bituminous surfacing, providing proper 
consideration has previously been given to correcting the weak spots 
in the grade. It should be borne in mind that once a bituminous 
surface is placed, the existing alignment, grade, and cross-section are 
perpetuated indefinitely, and cannot be readily changed without losing 
all of the investment already made in surface and base. If these 
features need correcting, such correction should be made before any 
additional surface is applied, although it may mean throwing away 
ome existing suitable base. 
Generally speaking, in the construction of a traffic-bound gravel or 
stone road, a base thickness of from 2 inches to 4 inches is developed. 
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uch a base is suitable for surface treatment if well consolidated. 
There is a greater field for the surface treatment type of bituminous 
surface than for any other type. In the event of spotted cases of base 
failure, it is not an expensive surface course which is lost and the 
repairs can be readily and cheaply made. If any leveling or truing 
of the surface is required after the first treatment, the A-2 method of 
construction can be used. This method provides for the road mixing 
of a light coat of cover. The surface treatment type of construction 
has the advantage of providing a dustless all-weather surface while 
the base is being built. 
There are several different bituminous materials which are satis-
factory for use in surface treatment construction. The first essential 
i to use a penetrating prime material, such as TC-1 or MC-1. This 
can be followed with an emulsion, a tar, or one of several grades of 
asphalt. Fine gravel or stone chips have proven equally satisfactory 
for a cover coat. 
If the existing base is not thoroughly compacted the stage con-
struction of a bituminous surface can be carried out by an adapta-
tion of our C-1 specification as a road-mix. Using the light slow-
curing oils and the maximum percentage of extremely fine material, 
an inexpensive compacted surface is secured which can be readily 
broken up for reconditioning in the event of any extended failure. 
In the third group of bituminous surfaces may be placed the road-
mix or plant-mix types of greater thickness than 1 inch, cold-lay, 
and hot-mix. These clas es, although they have many dissimilarities , 
are grouped together for the reason that a base of definite thickness 
and one which is self-supporting is required in each case. 
The graded aggregate type or oil mat, which is represented by 
our C-1 specification, is better adapted to plant-mix construction than 
road-mix. Its chief advantage is in the utilization of local pit material 
where there is an abundance of fines. As a plant-mix, this type should 
be placed on a compacted gravel, stone, or water-bound macadam 
base having a minimum thickness of 6 inches. The C-1 specification 
is not intended as a surface course on rigid bases. 
During the past year there have been two municipal sections built 
as road-mix, using this specification. One was built on a sandy sub-
grade, without any other base, and using MC-2 for the binder 
material. The other wa built on an earth street, which had been 
oiled for a considerable period of years. TM-2 was used as the binder 
material in this case. It is my personal expectation that both of 
these sections will prove satisfactory and will show a negligible 
amount of base failure. 
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Plans have also recently been approved for the construction by a 
municipality of a surface according to C-1 specification, road-mix, on 
a sand-gravel base, varying in thickness from 2 inches to 4 inches. 
An SC oil will be used with local gravel augmented by additional fine 
material if necessary. This type of construction was particularly 
requested by the municipality. The traffic on this street is compara-
tively light and it is believed such construction will give the most 
serviceable bituminous surface that can be constructed for the money. 
While the base does not meet the requirements usually considered 
necessary for a graded aggregate road mixture, there is a reasonable 
probability that the base will prove satisfactory. The surface will 
add to and stabilize the existing base and will be readily adapted to 
reconditioning if such should become necessary. 
The macadam aggregate type or retread, represented by our C-2 
specification is the most common and widely used of the road-mix 
types. The C-2 specification is solely a road-mix construction. The 
minimum compacted combined thickness of base and surface should 
be 7Yz inches. The thickness is expressed in terms of combined base 
and surface for the reason that the surface itself is well bound and 
keyed, and affords some degree of stability, thereby permitting some 
variation in the thickness of the base itself. This variation is limited 
by the minimum and maximum permissible thickness of surface, which 
are 1 inch and 2Yz inches, respectively. Road-mix retread may be 
constructed on rigid bases or on compacted gravel or stone bases. 
The C-2 specification provides for the use of either tar or cut-back 
asphalt. While some localities have very positive opinions regarding 
the relative merits of these two materials, they have both been used 
with equally satisfactory results on work done under State super-
vision. Any failure which has occurred has been found to have been 
caused by faulty construction methods or insufficient base rather than 
by the material. Equally satisfactory results have also been obtained 
with retreads built with emulsion. 
The use of plant-mix in connection with either the open or dense 
graded aggregate mixtures is frequently found desirable. The term 
"plant-mix" is used here to mean material mixed in a pug-mill mixer, 
batch-concrete mixer, traveling plant, or some similar approved type 
of mixer. 
In the case of the dense graded aggregate, a closer control of the 
proportion and uniformity of the mix can be had with the plant-mix 
than with the road-mix. Plant-mix also permits the use of a more 
viscous bitumen than the road-mix. In the case of the open-graded 
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aggregate, plant-mix has a decided advantage where adequate road-
mixing equipment or experienced personnel is not available, as is 
frequently the case in day labor work. The surface and base thick-
ness requirements are the same as for road-mix retread, that is, a total 
minimum thickness of TY2 inches, with a surface minimum of 1 inch 
and a maximum of 2Yz inches. 
Classes F and H surfaces are suitable for resurfacing old portland 
cement concrete, old brick, if on an adequate base, old bituminous 
urface, if on an adequate base, and well-consolidated water-bound 
macadam not less than 6 inches thick. They may also be used on 
exceptionally good gravel or crushed stone bases not less than 6 inches 
thick. Classes F and H surfaces are designed to furnish a medium-
priced open-graded mixture having a seal-coated surface. 
The only Class F surfaces for which we have specifications are 
two proprietary products, "Precote,'' using emulsified asphalt, and 
" ealdrock,'' using asphalt cement. H-1 is a non-proprietary cold-lay 
product using asphalt cement. It is a coarse open-graded bituminous 
concrete, and can be used to advantage on small jobs where it is. not 
de ired to set up a hot plant. Amiesite and tar concretes are also in 
the H Class. 
Classes G, I, and J surfaces are suited for use on new bases, such 
as portland cement concrete, or well designed and constructed bitumi-
nou bases, and for resurfacing on concrete, brick, or bituminous pave-
ments in various degrees of repair. They should only be used on 
gravel, crushed stone, or water-bound macadam bases, which have the 
most favorable conditions of compaction and thickness of base, and 
on bases not less than 1 year old. 
Class G includes the rock asphalts, both natural and processed. 
Class I includes hot-mix bituminous concrete, both coarse- and fine-
graded types, and a number of cold-lay proprietary types. Some of the 
proprietary products in this class are "Warrenite Bitulithic,'' hot-mix, 
and the cold-lay materials, "Warcolite,'' "Colprovia" and "Trini-
clasco." These cold-lay products are produced in both the fine-graded 
and coarse-graded types. 
Class J includes the standard hot-mix non-proprietary sheet 
asphalt and various proprietary cold-lays, among which are "Warco-
lite,'' "Colprovia,'' "Macasphalt,'' "Crown Rock,'' "Trinidasco" and 
"Fin-Lay-Cold." You will note that several of these cold-lay products 
are produced in all three classes, fine- and coarse-graded bituminous 
concretes, and sheet asphalts. 
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The cold-lay products are particularly well adapted for surface 
course or resurfacing projects where, on account of the expense in-
volved, the size of the job, or the location, it is undesirable to operate 
a hot plant. The cold-lay products can be manufactured in a per-
manent plant, stored a considerable length of time and transported 
to the job when needed. 
There is a wide variety of choice in selecting the type for resurfac-
ing over a rigid base. The choice will usually be governed by the 
individual preference of the authorities, the promotional ability of the 
interested sales-engineers, the initial cost, and the availability of 
local materials. I believe satisfactory results can be secured from any 
type, from road-mix retread to sheet asphalt. For selected residential 
streets, the sheet type is probably to be preferred; for rural highways, 
where aggregate material is readily available, I believe the construc-
tion of road-mix or plant-mix retread is economically justified, even 
including the cost of subsequent seal coats. Our knowledge of road-
mix construction, as evidenced by our specifications, has very materi-
ally increased in the past year. 
It is difficult in some cases to determine whether an old pavement 
surface is adequate for use as a base for resurfacing. The selection 
should, in most cases, be made on the basis of the economics involved. 
If the old surface is in poor condition, and it is necessary to spend 
almost as much money to resurface it as to construct the new pave-
ment, then it is not economical. Just how far a study of the economy 
of resurfacing can be carried is problematical, but it is possible, by 
proper investigation and study, to determine to a fair degree of 
accuracy the economical limit for each specific case. It is not prac-
tical to set up a general policy which will cover the selection of these 
old pavements for resurfacing. Each case presents a different problem. 
It is recommended, however, that, before the decision is made, an 
examination of the structural features of the old base be made. 
My general recommendations for bituminous surfaces are as 
follows: 
If financially possible, and time permits, construct an adequate 
self-supporting base; otherwise place as thick a base as finances 
permit. 
If it is not practical to construct a self-supporting base, then as 
soon as 2 inches or more have become compacted, begin stage con-
struction through surface treatment, or graded aggregate mixture 
method. 
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If a satisfactory base of gravel or stone already exists, or is con-
structed, the road is ready for a surface course of road-mix, retread, 
plant-mix or cold-lay, whichever is favored, and as finances permit. 
If the base consists of an old brick, concrete, or bituminous pave-
ment on a rigid base, which is to be resurfaced, any type such as 
road-mix or plant-mix retread, cold-lay, or hot-mix is suitable. 
VIL DESIGN AND CONSTRUCTION OF 
BITUMINOUS SURF ACES 
c. M. WAHL* 
The subject assigned is "Design and Construction of Bituminous 
Surfaces." This covers a large field from the lowest to the highest 
type of such surfaces. As the State now has in effect 22 different 
specifications for bituminous surfaces, it is evidently impossible to 
discuss all of them. I shall confine my remarks to the so-called low-
cost bituminous surfaces, or perhaps it would be better to call them 
low types, because the costs are not always low. 
The development of the low-cost bituminous surfaces began after 
the advent of the automobile, and was due largely to motorists 
demanding an all-weather, dustless road. In order to meet this 
problem of constructing an adequate system of highways with a 
small amount of revenue, the highway engineers began experimenting 
with low-cost bituminous surfaces. (Let me add as an aside that 
sheet asphalt and asphaltic concrete hot mixes were common paving 
materials long before automobiles were in use.) 
The design of these low type bituminous surfaces falls into three 
classes: ( 1) Surface treatments, which are Y:i to % inch in thickness. 
They are further divided into plain treatments on gravel or stone 
bases, and dragged treatments on existing bituminous or rigid type 
pavements; (2) dense graded mixes, commonly known as oiled mats, 
laid to a compact thickness of 2 to 2Y:i inches. As to construction, 
they are divided into road and plant mixes, depending on whether 
they are mixed in place on the road or in a mixing plant of some 
kind; and (3) open graded mixes, commonly known as retreads, laid 
to a thickness of 2 to 2Y:i inches. As to construction, they are also 
divided into road mix and plant mix. 
Bituminous Surface Treatment- Sub-Class A-1 
The bituminous surface treatment on a gravel or stone base was 
the first of the low-cost types developed, and had its origin in the 
search for a surfacing for old macadam pavements. In the beginning. 
it was only an oiling process, but gradually developed through suc-
cessive stages to the present form, which is the application of a 
bituminous material and torpedo gravel or stone chips on a primed 
base. The ordinary oiled earth road is sometimes classed as a bitum-
*Assistant Engineer, Bureau of Construction, Illinois Division of Highways, Springfield , Ill. 
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inous surface treatment, but a discussion of it is omitted from this 
paper. 
There are a variety of names by which the surface treatment has 
been designated in different parts of the country, such as "oiled 
surface," "blotter treatment," "mat coat," "carpet coat," "armor 
coat," and "single and double surface treatments." Although these 
differ slightly in detail, the essential principles of construction are the 
same. They are as follows: (1) A gravel or stone base of sufficient 
thickness and design to support the load which it will be required to 
carry, (2) a bituminous priming material which will penetrate into the 
base, (3) a second application of heavier bituminous material which 
will waterproof the surface and also bond the cover aggregate, and 
(4) a cover coat of aggregate to with tand the wear and tear of 
traffic. (The heavy bituminous material and aggregate may be placed 
in two applications, in which case the last two operations are re-
peated.) In other words, this type of con truction may be described 
as a bituminous carpet, armor-plated with stone chips, and tacked or 
fastened to the base by the prime coat. The Illinois specification for 
Surface Treatment, Sub-Class A-1 is just such a treatment as I have 
described. It is used only on a gravel or stone base. 
I shall now discuss and emphasize some of the more important 
feature of design and construction. One of the most essential require-
ments is a good stable base, and its necessity cannot qe over-
emphasized for all classes of low-cost types. More failures of these 
types have been attributed to faulty bases than to any other cause. 
The base should have sufficient strength in itself to carry the load, 
and not depend on any added strength from the surface course. 
Almost any kind of a bituminous treatment which waterproofs the 
surface and takes the abrasive wear of traffic will make a good road 
when placed on a stable base. 
Just what constitutes an adequate stable base, and how it is 
determined is a mooted question. In the past it was assumed that 
any gravel or stone road which had gone through at least one winter 
under traffic without breaking up was an adequate base for a 
bituminous surfacing. Our experience now indicates that it is good 
practice to require all roads which are to be surfaced to go through 
at least one winter, but this in itself is no criterion that when used as a 
base they will stand up. We have had several roads which stood up 
as gravel surfaces, but after they were given a bituminous surfacing 
they went to pieces. This state is not the only one experiencing such 
difficulty. The neighboring States of Missouri, Wisconsin, and Indiana 
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have had hundreds of miles of bituminous surfacing fail because of 
inadequate bases which were good gravel roads before resurfacing. 
The main reason for such failures appears to be the sealing of the 
surface. In a gravel road the capillary moisture which comes from 
below evaporates as fast as it comes to the surface, but when sealed 
the moisture content may build up high enough to destroy the stabil-
ity. This i especially true when the clay content in the base is high. 
One of the important requirements of the base is uniformity-
that is, each square yard must have the same materials, gradation, 
density, and characteristics as every other square yard. Coarse 
material in one place and fine material in another adjacent to it, 
results almost invariably in pot-holing. Penetration of the bituminous 
material is varied in uch a non-uniform area, so that one place settles 
a little more than the other, which, under traffic, involves uneven 
wear and deterioration of the whole structure. It is not the rising and 
falling of the entire roadway, under conditions of frost and water, 
which cau es a breakup in the surface, but the differential rising and 
falling of small areas. Proper preliminary construction will help to 
prevent these difficulties. 
In determining what constitutes stability of the base, we must 
not lose sight of the fact that the character of the subgrade soil plays 
a very important part. In other words, how stable is the subgrade 
soil its~f, how has it been affected by the base material added, how 
has it been affected by drainage, and how will the application of a 
sealed bituminous surface affect it? These are some of the questions 
which must be answered before we can ay that a 4-inch, a 6-inch, or 
an 8-inch base is the required thickness. It is not the aim of this 
paper to discuss soils and stabilization, which is a complicated sub-
ject, but a greater knowledge of the principles involved is essential in 
order to get the most out of the money expended for bituminous 
surfaces. 
A smooth base is absolutely essential for a surface treatment, 
because the finished surface is no smoother than the base upon which 
it is built. Bear in mind that the A-1 specification does not provide 
for mixing or blading of the aggregate coat. The thickness of the 
fini hed surface is practically the same on the high spots as on the 
low ones. It is possible, of course, to fill the pot-holes and dips with 
a bituminous mixture, but the same smoothness can be obtained at 
less cost by truing the base, and the results are just as good. The 
best method of attaining smoothness is to blade the entire surface, as 
early in the spring as weather permits, to a smooth riding contour. 
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Of course, crown reduction, drainage repairs, and all other correc-
tions should be made at this time. Then, until the surfacing is actually 
placed, intensive maintenance should be carried on. 
The surface treatment jobs built last year demonstrated that 
stabilized gravel bases can be trued to a smooth surface at a very 
reasonable cost. One section which had become badly pot-holed was 
brought to an almost perfect surface by the application of water and 
blading. For this reason I believe plain surface treatments are very 
feasible on stabilized bases. 
The next step in construction is priming the base. The prime is 
the connecting link between the base and the wearing surface. It 
must be a penetrating bituminous material, such as light tar or liquid 
asphalts. We have had some difficulty with emulsions when used as a 
priming material, although I may say our experience has been very 
limited. In the past we had difficulty also with the rapid-cure cut-
back asphalts when used as a priming material, but the new medium-
curing cut-back asphalt, MC-1, has been used successfully. The 
proper amount of bituminous material to use is as much as the surface 
will absorb without running to the sides; it is generally about o/io of 
a gallon per square yard; however, on very dense surfaces the amount 
will be a little less, and on loose surfaces a little more. The prime 
should be made in one application and allowed to stand a few days to 
penetrate and cure before the next operation is started. If traffic must 
use the road during construction, eight or nine pounds of small stone 
chips per square yard will keep the prime from picking up. 
After the primed base has cured properly the first application of 
bituminous material for the surface treatment is applied at the rate 
of approximately Yi gallon per square yard. This bituminous material 
may be tar, emulsion, asphalt cement, or liquid asphalt. In any case 
after curing it must be a heavy material developing high cementing 
properties. Immediately after the application of the bituminous 
material, stone chips are spread at the rate of 15 to 20 pounds per 
square yard, broom-dragged until distributed uniformly, and then 
rolled. Since the A-1 specification is really a double surface treat-
ment, a second application of bituminous material and chips is made 
at the same rate as the first , or perhaps a little heavier. The spread-
ing and rolling is performed in the same way as in the first applic:;ttion. 
The surface treatment proper is now completed. A third application, 
however, called the seal coat, may be added, but, in general, this 
third application is not necessary at the time of the original construc-
tion, and I believe greater value for the money expended will be 
secured by placing the seal coat the following year. 
76 ILLINOIS ENGINEERING EXPERIMENT STATION 
Surface Treatment- Sub-Class A-2 
Next is the dragged surface treatment which is covered by the 
Illinois specification Sub-Class A-2, and is used on existing bituminous 
and rigid-type pavements. Its outstanding merit is to level up an 
old rough pavement which is otherwise in good condition. In other 
words, it is designed to improve the riding qualities of the existing 
pavement. This specification may be broken down into two funda-
mental parts: ( 1) A leveling course, which in reality is a thin binder 
course, consisting of a mixture of bituminous material and chips 
bladed into the depressions, and (2) a seal coat placed over the whole 
surface. 
· The construction is similar to the plain treatment previously 
described, except that the priming material is generally the same as 
that used in the bituminous mixture, and the first application of cover 
coat aggregate is at the rate of 30 to 40 pounds per square yard mixed 
with the bituminous material by blading back and forth with a 
grader or other mixing equipment until the stones are uniformly 
coated, after which it is spread to a smooth surface and rolled. 
The A-2 specification just described is the proper treatment for an 
old bituminous road if the riding quality is such that it needs leveling. 
But if the surface is smooth, and needs only a preservative or a treat-
ment to make it non-skid, then a seal coat will be satisfactory and 
much cheaper. 
Dense-Graded Road Mix- Sub-Class C-1 
The second type of low-cost roads is the dense-graded road mix, 
commonly known as oil mat, covered by Illinois Specification, Sub-
Class C-1. It is of recent development, practically the entire mileage 
having been built in the last ten years. It has been confined largely 
to the Western States, because this type gives better results in an 
arid climate than in a more humid one. The first roads built used a 
light bituminous material, such as road oil, and the aggregate was in 
part or entirely already on the roadway. This type of construction, as 
the name implies, requires that the amount of voids in the mix be 
reduced to a minimum. For stability, it depends on the graded aggre-
gate being coated with a thin film of oil, which holds the aggregates 
together by surface tension when compacted into a dense mass. This 
is the same principle that causes moist sand or gravel to pack. When 
sand is wetted to a certain degree, as on a beach with ebbing tide, 
there is for a brief period a stability of surface so perfect that world's 
records for motor cars are established thereon. Another parallel may 
be drawn as to the amount of water or bitumen required for stability. 
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If sand is too dry it is loose and easily displaced because the optimum 
film thickness is not formed, and if it is supersaturated with water 
it is quicksand, because the effect of the film is destroyed by the 
lubricating action of the water. In either case it lacks stability. Like-
wise, if too little bituminous material is used in the mix, the surface 
becomes loose and ravels, if too much is used the mix loses stability 
by lubrication. 
The aggregate in this type of construction is graded from a 1-inch 
maximum size down to and including 200-mesh material. This fine 
material increases the density and reduces the size of the pores in the 
mix, making it more impervious to moisture. This last point is 
important because water is the greatest destructive agent to this type 
of road. In addition to the road oil or slow-curing bituminous 
material, a medium-curing one is also used. In general, the road oil 
requires a large amount of fines because it has little cementing quality, 
and must depend on the packing action of the aggregates. Due to the 
high filler content these mixes are very critical-that is, with excess 
oil they become mushy, and with a deficiency they ravel. The me-
dium-curing bituminous materials have considerable cementing qual-
ity, therefore a lesser amount of 200-mesh material is considered good 
design. The trend in this type of construction is towards the heavier 
bituminous materials. 
Everything that was said about stable bases for surface treat-
ments applies to this type. The smoothness of the base need not be 
quite so perfect because a few small variations may be corrected by 
the wearing course. However, it is poor and expensive construction 
to try to do much correcting with the bituminous mixture. The 
priming is the same as described under Surface Treatments, when 
used on the same type of base. 
The common method of road mixing is to spread the aggregate 
approximately 10 feet wide, apply about one-half the bituminous 
material with a distributor, and see-saw them back and forth until 
the aggregate is uniformly coated. The application of bituminous 
material and the mixing is repeated one or more times until the proper 
amount of bitumen has been applied. For final spreading, a motor 
patrol blade with dual pneumatic tires and dual axles is the best type 
of equipment to secure satisfactory results. A tractor or any equip-
ment which has a high unit pressure is objectionable because ruts 
are formed which when refilled and rolled show up in the finished 
surface. An 8- to 10-ton roller is desirable for compaction. The sur-
face may or may not be sealed the first year. If the road is built 
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early enough in the season to get some traffic during the hot weather, 
a seal coat may not be necessary, but if it is built late in the fall, a 
seal is cheap insurance against raveling during the winter. 
Open-Graded Road Mix-Sub-Class C-2 
The third type is the open-graded road mix, commonly known as 
retread, and covered by Illinois Specification Sub-Class C-2. It had 
its development in the Central States, probably because suitable 
aggregates were easily available, and heavy rainfall in this section of 
the country made the dense-graded type less feasible. 
The open-graded type, as the name implies, does not have the 
voids filled, and depends on keying action of the aggregate for stabil- · 
ity. It may be built on a gravel or stone base, or on rigid bases such 
a brick and concrete. The usual thickness is 2 to 2Yi! inches. The 
priming and the preparation of the base are the same as outlined 
under Surface Treatments. The mixing is the same as for the dense-
graded type, except that it requires fewer turns to mix it completely. 
The trend in this type of construction is to use less bitumen on the 
aggregate when mixing, and apply more in the sealing operations in 
order to make the top Yi! inch of the wearing surface rich in bitumen 
and well sealed. This type of surfacing, as well as all of the others 
previously described, should be built in the spring or summer in order 
to get the benefit of the kneading action of traffic during warm 
weather. 
The problem of providing a satisfactory shoulder is rather a 
difficult one in thi tate. The practice of using the natural earth pro-
duces a trench effect which traps the water, thus preventing it from 
getting into the side ditches easily. The trapped water standing on 
the base tends to soften it, causing loss of stability and a harmful 
effect on the bituminous mixture. In talking to representatives of 
other State Highway Departments, I find that plain earth has been 
u ed to some extent, but, in general , they try to avoid the trapped 
water by not building any shoulders at all, or by pulling up a small 
wedge of gravel, or by building the entire shoulder out of porous ma-
terial, or by building with the natural earth and placing trench drains 
through the shoulders at frequent intervals. Evidently the answer in 
Illinois is, as in other states, a number of methods, the location deter-
mining which is the most feasible and economical. 
Summary 
I shall summarize briefly the general features of design and con-
struction of the low-cost bituminous surfaces. 
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A table base is essential for any of the low-cost types and must 
be designed to support the wheel load without any added strength 
from the wearing course. It should go through at least one winter and 
spring under traffic. 
The bituminous surfacing is designed to waterproof the base and 
to transmit the wheel load to it without shoving or shattering. The 
surfacing hould be built early enough in the season to secure the 
kneading action of traffic during the hot weather in order to compact 
it and give a better wearing quality for the winter. 
VIII. GRAVEL AND BROKEN-STO IE SURFACES 
BERNARD ATKIN* 
Anyone can build a gravel or broken stone surfaced highway; all 
that is needed is some gravel or broken stone, and a highway on 
which to place this material. Naturally, though, one would want to 
obtain the greatest economic worth for the amount of money which is 
to be expended. Also, one would desire to obtain the best product 
po sible. In order to do this, it is necessary that a study be made 
of the basic principles and the past experience involving this type of 
highway. This discussion is meant to cover, in a rather brief .way, 
some of these principles and experiences. 
. Most of you are familiar with the so-called farm-to-market or 
local road, which may not carry more than 25 to 100 vehicles per 
day. Although the amount of traffic on these roads is small, neverthe-
less the residents on them are as much entitled to an all-year road 
as the more fortunate residents on a State highway or in a large city. 
The mileage of this class is tremendous, and since no large source of 
funds is available for them, these roads must be built with the greatest 
economy. 
Drainage and stability of subgrade are essential, but the amount 
of cuts and fills should be kept at a minimum, and the roadway width 
should be sufficient only to insure reasonable safety. On such a road, 
I believe that a six-inch thickness of gravel is absolutely unnecessary, 
and that 800 to 1,000 cubic yards per mile (an average thickness of 
3 inches) of featheredged traffic bound material should be ample, 
bearing in mind that it is more economical to patch up a few sub-
grade breaks in the spring of the year than it is to pay for a greater 
initial thickness. 
It might be well to mention a few details of construction for this 
type of road. Since good drainage is essential, the side ditches should 
be approximately 18 inches below the elevation of the center. These 
ditches will tend toward subgrade stability by lowering the water 
table under the roadway. Unsatisfactory drainage is one of the most 
serious causes of road failures, and this applies even more to cheap 
types of surfaces than it does to the more expensive pavements. 
The crown of the road should be from % to Yz inch per foot. Too 
little crown permits water to collect in small pools on the surface, and 
*Assistant Engineer, Bureau of Construction, Illinois Division of Highways, Springfield , Ill. 
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too much crown creates a driving hazard. Both of these conditions are 
naturally objectionable. 
The matter of the surfacing material is the next point for consid-
eration. One can always get into quite an argument as to whether 
gravel or crushed stone is preferable. It is sufficient to say that very 
atisfactory results can be obtained with either material, and that the 
choice should depend on their economic availability. 
Haphazard gradations of gravel or broken stone have not always 
proved satisfactory for surfacing, although in most cases the local pits 
have a natural gradation that makes a very good surface. I prefer 
a gradation having as its top limit 1 inch, from 65 to 90 per cent 
pa ing through the Yz inch mesh, and from 40 to 70 per cent passing 
through the ~ inch mesh. Any gravel passing through the ~ inch 
mesh is what most of us call sand. Where the local pit has coarse 
aggregate larger than 1 inch, it can be screened, and the larger parti-
cle crushed, thus utilizing all the materials. If too much sand is 
present, this surplus can be screened out, and either u ed for other 
purposes or wasted. Sometimes it is more logical to ship in the 
particular gradation missing, and mix it with the local materials. 
Where local materials are not available, it will be necessary to obtain 
them from some commercial plant, and in this case practically any 
desired gradation may be obtained. Many localities have local 
material sources which have not yet been developed, and it would 
be very worth while to look into this phase. 
The surfacing material is usually hauled by truck and dumped 
either directly on the subgrade or into a spreader box. A spreader box 
is not expensive, and gives a more uniform distribution. The material 
is next bladed over the planned width of roadway, and left to be 
compacted by traffic. The use of a spreader box saves quite a little 
blading work and helps give a better surface. 
Roads of this character must fit the pocketbook and give reason-
able service 365 days in the year. I doubt the justification of any 
great expenditure to abate the dust nuisance where traffic is under 100 
vehicles per day. 
About two years ago, the State Highway Department started to 
build the so-called stabilized gravel or stone highway, which is merely 
a gravel or crushed stone surface with a small percentage of clay 
mixed with it in order to bind together the particles in the surface 
mat and to fill the voids in the mat as much as possible. The specifica-
tion for this type of highway, which we call "Gravel or Crushed 
tone Surface Course"-so that it will not be confused with a "Traffic-
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Bound Surface Course"-provide us with a finished road of the re-
quired thickness, ready to handle traffic immediately upon completion, 
and as such, it is free from many of the inaccuracies and incon-
veniences usually encountered in the so-called traffic-bound types of 
gravel and stone roads. Incidentally, the application of calcium 
chloride or salt in or on the mat tends to tighten the surface and 
eliminates the dust evil. 
This type of highway was something new in Illinois, and since it 
had such a high sounding term as "stabilization" connected with it, 
many of our engineers regarded it with a certain amount of fear and 
distrust. The contractors must have viewed it with even more fear 
and distrust, judging from the first bid prices for stabilized surface 
work. Apparently, the fears of the contractors were more or less 
unjustified, as I have been told of some very handsome profits on 
some of these contracts. Actually, this type of construction is not 
particularly new, as the mixing of clay with gravel or crushed stone 
had been done previously in New York State and Michigan, and I 
find that the pecification for Alabama, as published in "Harger and 
Bonney's" 1919 edition, provide for it. 
In 1934 and 1935, Illinois practically completed 122 miles by con-
tract and 197 miles by day labor of this type of highway. In many 
cases we did those things we should not have done and did not do the 
things we should have done. Yet, strange as it may seem, the products 
obtained, in most cases, were very satisfactory, and justified and 
proved the basic theories on which this type of surface was designed. 
Aside from the State work, I know of at least one county that has 
built a stabilized road with marked success. Kane County has con-
structed one of the finest examples of this type that I have seen. 
Although, at fir t glance, the technical specifications for this type 
of highway may seem complicated, they can readily be broken down 
into a common-sense method of design and construction of the old-
fashioned gravel or stone road. They provide primarily a careful 
laboratory gradation of aggregates with enough clay to fill the voids 
and give binding qualities, and an exact method for spreading and 
compacting. 
The gradation of the materials should be such that the mat will 
not become rutted or slippery in wet weather; that it will not ravel in 
dry weather; and that it will not break up when the frost comes 
out of the ground. Such a gradation is shown by the stabilization 
band, on which subject much has been written. Experience has 
taught us that the following gradation is preferable: 
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Passing 1-inch sieve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 per cent 
Passing %,-inch sieve ................................... 80-100 per cent 
Passing ~-inch sieve .................................. 65-100 per cent 
Passing No. 4 sieve .................................... 40- 65 per cent 
Passing No. 40 sieve .......................... . ........ 18- 30 per cent 
Passing No. 200 sieve. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8- 12 per cent 
This mixture will permit a keying action of the particles, which 
will provide sufficient internal friction in order to obtain stability in 
wet weather, and will also supply sufficient clay to hold the mass 
together in dry weather. 
The materials from many of our local pits will fall within the 
above-mentioned gradation limits if mixed with from 8 to 12 per cent 
of clay. Some pits have what we term a "natural," a mixture with 
sufficient clay in it to make unnecessary any addition. Where local 
gravel is not available, and it is necessary to ship in material from a 
commercial plant, the choice of gravel or crushed stone is a matter of 
economics, as both types make a satisfactory surface, and mix equally 
well with clay. 
The clay is selected according to the plasticity index, which is 
merely a gauge for its stickiness, and satisfactory clay can be found in 
most localities. There is an ample amount of literature available 
if one desires to go into this subject. The main point is to not use 
too much clay, as it makes the road slippery in wet weather. I per-
sonally prefer from 8 to 12 per cent by weight. 
In order to get the best results, the clay should be pulverized. 
This can be done with a disk or harrow. One contractor used a gaso-
line pulverizer which he borrowed from a country club. Another ran 
the clay over a Barber-Greene Conveyor belt, and the vibration did 
the pulverizing. The clay should be pulverized so that most of the 
lumps are ~ of an inch or less. 
Where a "natural" mixture is not available, mixing of the various 
ingredients is necessary. Several methods have been developed. If 
mixed on the road, the usual procedure is to windrow the coarse ag-
gregate, fine aggregate, and pulverized clay in the correct proportions, 
and then mix them with a blade and disk or harrows. A number of 
mixing outfits have been developed by equipment manufacturers. Some 
pick up the materials which have been deposited along the roadside 
and mix them all together, even to the introduction of water. Such 
equipment has been used successfully by contractors on a rental basis. 
Our experience proves that layers two inches thick compacted 
give the best results, since this permits a thorough interlocking of the 
particles which cannot be obtained with thicker layers, because the 
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effect of the roller will not be transmitted through the entire mass, 
thus causing the possibility of voids at the bottom. I prefer a truck-
tire roller for compaction, as such a roller gives an interlocking com-
pressive force which is not obtainable with a large smooth roller. 
It is necessary that each layer be saturated preceding its compaction. 
Calcium chloride has always been propounded as an integral part 
of a stabilized road, and its value under traffic and during dry weather 
has been recognized on all of the sections built during the past two 
years. It may be applied o.n the completed surface or intermixed with 
the top layer of gravel. The usual initial application is about 1 pound 
per square yard of surface, and a lighter application is usually 
necessary later. 
During the past year the use of salt has been quite extensively 
promoted. We experimented with two sections last year, On one job, 
the salt was mixed with the top two-inch layer for a portion of the 
section and on the remainder as a surface treatment. On the second 
job, it was applied as an intermixture of the top layer. Taken as a 
whole, the best results were obtained where the salt was intermixed. 
About 2 pounds of salt per square yard were used in the mixture. 
From such observations as we have been able to make after 8 months 
of traffic on one of these sections, the salt solution seems to give 
results equivalent to the calcium chloride. 
A very interesting experiment during the past year was one where 
we placed 5 inches of limestone (only 15 per cent passing the 14-in. 
sieve), and then, instead of the usual clay content, 1 Yz inches of lime-
stone dust was added, as a top dressing. Thus far the results have 
been quite satisfactory. Whether this dust should be intermixed with 
the aggregate is yet a question, but it is quite evident, however, that 
the results justify a further study of this type. 
Our first stabilized roads were the featheredge type, which was 
quite satisfactory in so far as serviceability was concerned. However, 
as we made a study of the future of these roads, we felt that they 
might ultimately be a base course for a surfacing of higher type 
-logically a black top-and there have been some rather unpleasant 
experiences in placing black top on old featheredge gravel roads, which 
averaged 6 or 7 inches in the center, ranging down to 2 inches at the 
edges. Invariably they failed. For this reason, we have now adopted 
the semi-trench construction design of 6 inch thickness, and earth 
shoulders meeting the elevation of the upper edge of the stabilized 
mat. Some contractors prefer the construction of a trench first, while 
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others prefer to draw the earth shoulders up after the stabilized road 
is complete. 
The crown of the surface must have a slope of approximately 
% inch to the foot, in order to prevent water from standing in any of 
the surface irregularities. Such small pools cause pot-holes and ruts. 
It is rather difficult to give any definite figures on the cost of 
stabilizing. The process of stabilizing, according to our records, may 
cost anywhere from 5 cents to 15 cents per square yard. Calcium 
will co t approximately $120 per mile for a one-pound application 
on an 18-foot width. 
You may have noticed that I have not mentioned when or where 
to use the stabilized road. This question involves too many factors 
which are still undecided. Our knowledge of what to expect from this 
type of road surface is still incomplete. This state and the neighbor-
ing states are embarked on a secondary road program. If, in the 
future, we are going to be called upon to eliminate the dust nuisance 
of gravel and crushed stone surfaces, it will be necessary to adopt 
some form of construction that will take care of this situation. 
Whether this form of construction will be the stabilized road with 
calcium chloride or salt treatment, or whether it will mean a black 
top surface on a gravel or crushed stone base, only time can tell. 
Regardless, I believe that the stabilized highway is a step in the 
right direction, as it can be used for either purpose. 
We have learned much during the past few years in regard to the 
construction of gravel and broken stone surfaced roads. New methods 
have been developed, and new machinery has been constructed for 
this purpose; but I believe that we still have much to learn and 
that there is still ample room for future development and improvement 
in this field. 
IX. THE MAINTENANCE OF GRAVEL AND 
BROKEN-STONE SURF ACES 
RALPH H. MAJOR* 
Within the last three years a more stabilized type of surface than 
the ordinary traffic-bound gravel and broken stone began to make its 
appearance. The maintenance of these stabilized gravel and broken 
stone surfaces will be the principal topic of my discussion. 
The criterion of satisfactory maintenance on a stabilized gravel 
or broken stone surface is knowing when and what work should be 
done. Although this type of surface is very hard with no floating 
material, there is a time during wet periods when a sufficient quantity 
of fine aggregate and binder may be moved with a grader, drag, or 
underbody scraper to reshape or smooth out irregularities that have 
developed. 
In construction, the surface is given a crown of not less than one-
half inch per foot and it is very important that this amount of crown 
be maintained for proper surface drainage. Where this amount of 
crown is not maintained, fiat areas with slight depressions will develop 
where, during rains, water accumulates saturating the binder beyond 
its lower liquid limit, thus reducing the cohesion to such a degree 
that the aggregate in the depression is moved by traffic and a chuck 
hole is developed which increases rapidly in size and depth unless 
corrective measures are taken at once. 
The proper time for reshaping has been found to be when the 
material moved on and across the surface will readily compact under 
traffic. During the spring or fall months, when temperatures are not 
high, this time extends over a period of several hours or possibly days 
following rains , thus giving ample time for one grader, drag, or 
underbody scraper unit to reshape several miles. However, during the 
summer, when heavy downpours .of short duration occur, followed by 
bright sunshine, it will be found that the time available for reshaping 
the surface will not last more than four or five hours, thereby reducing 
materially the number of miles one maintenance outfit can main-
tain satisfactorily. If material not containing a sufficient amount of 
moisture to compact readily under traffic is moved over and deposited 
on the roadbed it remains loose, creating dust, and the loose pebbles 
or pieces of broken stone, if allowed to remain on the hard smooth 
surface, will tend to break up the mat. Also , when material is moved 
*Assistant District Engineer, Dist rict 5, Illinois Division of Highways, P aris, 111. 
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over and deposited on the surface which contains an excess amount 
of moisture, as during a rain, the best results will not be obtained, 
because traffic will force out of depressions any material deposited 
there. 
Where the crown of the surface is sufficient for good drainage it 
has been found desirable to start the reshaping on one side of the 
roadbed and carry the material across the entire surface to this 
opposite shoulder, smoothing out any ridge of material that may be 
deposited there to insure good drainage along the edge of the stabilized 
surface. This method of maintenance eliminates the possibility of 
having, after compaction, loose gravel or stone remaining which must 
be removed. The removal of this loo e material can best be ac-
complished with the underbody scraper, because of the speed required 
and the light amount of pressure necessary on the blade. Where it 
i necessary to build up the crown the reshaping is started on each 
side of the surface and the material moved to the center of the 
roadbed and deposited there. Any large lumps of material deposited 
must be broken up or flattened out, otherwise an undesirable bump 
will be built into the surface where this mass of material is allowed 
to harden. 
After a stabilized surface has been reshaped and compaction com-
pleted, if depressions or chuck holes of any consequence remain, these 
can be repaired by hand methods in the following manner: Mix a 
quantity of pit-run gravel having a maximum size of one-half inch, 
or similar material, with a satisfactory binder in the proportions of 
four parts gravel and one part binder. Satisfactory clay binder can 
usually be obtained along the back.slope of the road ditches about 
one foot under the surface. Then clean the depression of all loose 
material, wet the surface thoroughly, and apply a light application 
of calcium chloride. Deposit in the hole a sufficient amount of the 
mixed aggregate and binder to fill the depression and moisten suf-
ficiently for compaction. This compaction is completed by driving 
the truck back and forth across the patch, allowing the tires to roll 
the material. When this operation has been completed calcium 
chloride is spread over the surface of the new material. 
If a large amount of material has to be moved, and there is a 
hortage of equipment, this may be satisfactorily accomplished during 
a rain or immediately following when there exists an excess of 
moi ture. This material which has been moved to the proper location 
on the roadbed will of course be splashed around somewhat by traffic, 
but can quickly be reworked when the moisture content is reduced 
ufficiently to allow satisfactory compaction. 
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A very satisfactory method of filling slight depressions developed 
in the surface is obtained by setting the blade approximately at 
right angles to the direction of travel and to carry sufficient material 
to create some pressure, which allows the cutting edge of the blade 
to shear a sufficient quantity of the material carried to fill the de-
pression. Where the blade is set at the ordinary angle to move material 
across in one direction it is found that the consistency of this material 
is such that it rolls across the slight depressions along the face of the 
blade without depositing a sufficient quantity to fill them. Calcium 
chloride is applied at the rate of one-third (Y:J) pound per square yard 
in from three to five applications per year depending upon the amount 
of traffic and the necessity for stabilizing the material. Satisfactory 
results of stabilizing the surface materials have been secured by ap-
plying chloride after freezing temperatures have arrived in early 
winter, thus requiring a less amount of work to be done in order 
to maintain a satisfactory surface. Very satisfactory results have 
been obtained in spreading the chloride over the surface with the 
limestone dust broadcasting machine. By the use of this machine 
the chloride can be applied over the entire surface at the rate of one 
and one-half (1 Y2) miles per hour. When a stabilized surface de-
velops a deficiency of fine aggregate and binder this same machine 
can be used for applying the materials, the proportions used in these 
conditions being one part fine aggregate and one part binder. 
In general the application of moisture in the form of rain will 
occur. at approximately the proper interval of time to allow satis-
factory maintenance work to be done. However, should an extended 
dry period occur, water may be applied by tanks in sufficient quanti-
ties to soften the surface materials of the stabilized mat. This water 
should be applied at night when the loss by evaporation would be the 
minimum. With the source of water within a reasonable distance 
one 750 gallon tank mounted on a truck can supply sufficient water 
to soften the surface on approximately two miles per day and allow 
the continuance of satisfactory maintenance. 
During the fall and winter months a large amount of clay and 
loam is deposited over the surface of the roadbed by farm wagons 
and vehicles approaching from fields and unimproved earth roads. 
Where this material cannot be moved off the stabilized surface it 
creates a very slippery and undesirable condition during periods of 
wet weather. This condition can be corrected by the application of 
fine pit-run gravel or sand in sufficient quantities to absorb the excess 
clay. 
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For best maintenance results during the winter months snow 
should be moved off the stabilized materials. 
The maintenance of stabilized surfaces where rock salt was used 
during construction is similar to that required for calcium chloride 
sections with the exception that additional salt will not be required 
for at least the first year. 
Although this discussion is based on experience of less than one 
year in maintaining stabilized gravel and broken stone surfaces, it 
seems reasonable to believe that, in general, the most economical 
and satisfactory results are obtained by giving these surfaces a light 
working whenever conditions are favorable to accomplish satisfactory 
results. The average cost of this maintenance based on expenditures to 
date is estimated to be approximately three hundred and fifty dollars 
($350.00) per mile. 
During the last year a traffic-bound gravel section was being 
maintained in the usual manner with a floating surface and when 
the length of time between rains was very long chuck holes and 
sections of wash board type surfaces would develop. A more stabilized 
surface was desired on this section, and immediately following a rain 
a quantity of clay was graded on to and mixed with the loose ag-
gregate and shaped to secure a crown of one-half ('i2) inch per foot 
after compaction. Compaction was secured by rolling with two loaded 
trucks having dual rear wheels. One-half ('l2) pound of calcium 
chloride per square yard was applied to the surface. This was ob-
served closely to locate areas where an insufficient amount of binder 
was secured, also where there was an excess of binder. These con-
ditions were corrected after the next rain by securing additional 
binder from the shoulders w)lere needed, and supplying river sand to 
absorb the excess. The section was reshaped and rolled again, then a 
second application of calcium chloride at the rate of one-half ('i2) 
pound per square yard was made. A short time after this surface had 
been stabilized materials were hauled over it to new construction 
with a maximum traffic of four hundred ( 400) trucks per day plus 
the ordinary local traffic, and no serious trouble was experienced in 
maintaining a satisfactory surface. The cost, exclusive of calcium 
chloride, of this method of stabilizing existing traffic-bound gravel 
surfaces, where no additional aggregates are required, is approxi-
mately one cent per square yard. 
X. TRAFFIC-BOUND GRAVEL OR BROKEN-STONE ROADS 
A. B. H URD* 
I will confine my discussion to the traffic-bound gravel or broken 
stone surfaces on the State-Aid system roads. I will assume that t he 
assessed valuation of the county is that of an average county; and 
that the cost of the traffic-bound gravel or stone-surface road comes 
nearest to fitting the amount of money they have to expend for roads. 
First, I wish to emphasize the importance of the grade. The 
grade is an important feature in the design of a road for any type 
of surface, but the drainage feature is more important in the design 
of a traffic-bound surface because of its low beam strength. I 
believe the elevation of the low parts of the grade should be raised 
well above the high water mark. I do not agree with the statement 
that it is cheaper to patch up a gravel road than to spend more 
money on initial cost. Maintenance over a period of years on a 
poorly-graded road will not only cost money but you will always 
have a poor road until its grade is corrected. All side ditches should 
be large enough to hold the water. The wide flat-bottom ditch will 
lower the water table, and the ditch may be used by the horse-drawn 
traffic during the summer months when gravel is hard on their feet. 
If all traffic-bound surfaces were placed on a well designed and graded 
sub-grade there would be less criticism of them. 
Second, the traveled way should be of sufficient width to carry 
traffic with safety. I have not taken a traffic survey on my county 
roads and do not know how much traffic they carry. vV c arc, however, 
carrying traffic with safety on our 24-foot roads. I believe there arc 
many miles of State-Aid roads in the State that do not carry more 
traffic than do those of Woodford county. Our 24-foot roads are the 
oldest and more important roads of the county. They arc built to 
grade , and are patterned after the State-Aid design built by our State 
during the period of 1915 to 1919. 
At the time motor fuel tax became available to counties we had 
eighty miles of 24-foot graded road with oiled surfaces. Our first 
allotments of motor fuel tax were expended in placing a traffic-bound 
gravel surface on these roads. These roads are giving better service 
than some of our newer sections built with a 30-foot roadway. This 
improved condition might be credited to the width of road, to the 
settled grade, or to the oiled surface. Probab ly some credit should 
be given to each. 
*County SuperintendL·nt of Highways, \Voodford County, Eureka, 111. 
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I have no obj ection to bui lding a 30-foot road if t raffic demands 
it, and there is sufficient money to cover the surface to the shoulder 
line. I do not think it good construction to have a six- , seven- , or 
eight-foot dirt shoulder along a gravel surface. If the gravel surface 
is compac t enough to shed water the water will ravel the dirt shou lder. 
The shoulder does not have suffi cient width to be maintained without 
mixing the dirt with the gravel. If too much dir t is mixed in the 
gravel the gravel loses its effi ciency. It requires more tra ffi c-bound 
material to cover a 30-foo t surface to the shoulder line, and t he 
maintenance cost is more. I believe there is a place in our State-
Aid system fo r the 24-foot t raffi c-bound surface road. If the volume 
of traffic demands a wider roadway it also demands a surface of a 
higher type. 
In des igning a grade for a traffic-bound gravel or stone surface 
road t he alignment and the radius of curvature of both horizontal 
and vertical curves should be ample to provide good vision . T raffic 
will move at fif ty or more miles per hour on a well-maintained gravel 
urface. The sight distance should be equal to t hat of roads with t he 
higher type of surface. 
Something should be done on our secondary roads to provide 
afety to t raffi c at cross-road intersections, especia lly in tersections 
with the township or t hird-class road. On the bond roads a stop 
ign is erected at a ll intersecting cross roads or streets. It has proven 
satisfactory in controlling traffi c entering on the main highway, be-
cause it is a misdemeanor punishable with a fine to pass one of 
these traffic signs before first coming to a stop. The State traffic 
poli ce see that this feature of the law is enforced. The coun ty could 
erect a stop sign at all intersecting roads or stree ts along their State-
Aid roads, but unless there is an en forcing officer on t hese highways 
I very much doubt if the benefi t derived would warrant t he expense 
of erecting the signs. 
If all fence lines at cross-road in tersections were set back fif ty 
feet each way t o provide a wider opening at t he intersection, and 
the vegetation at these intersections were kept mowed down the 
safety would be very much increased. To acquire this extra right of 
way at all intersections would be difficult and expensive. I am wonder-
ing if the agricultural group could be prevailed upon to include this 
in their crop reduction or soil conservation plan . The government 
might pay a sma ll annual rental to the farmer \Yho cont ributed one 
of these t ri angular plats of ground for highway purposes, provided 
th is tract was mowed several t imes per year, the highway offi cials in 
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charge of the road seeing that all requirements had been complied with 
prior to paying the rental. 
Something must be done to provide safety at these intersections. 
I am trying to develop and use the local gravel deposits in our 
county. They all require processing, which consists in crushing the 
over-size, and in many cases screening out some of the sand or ma-
terial passing the Number 4 screen. It is hard to secure uniform 
material, that is, a uniform mixing of the aggregate. One load or 
part of a load will contain all of the fine material, and another all of 
the coarse. This can be largely corrected, however, by spreading the 
material on the road with a blade. If the pit has a surplus of fine 
with the specification written, say, 40 to 60 per cent passing the Num-
ber 4 screen, the contractor has an opportunity to choose a percent-
age very close to the upper bracket. He may feel that if the average 
of samples is, say, 60 per cent he has complied with the specifications, 
although some samples may show 65 per cent. I believe it would be 
better in writing the specifications to give the percentage desired, say 
in this case 50 per cent passing the Number 4 screen , with an allow-
able variation of 10 per cent plus or minus. This might be more 
understandable and there would not be the tendency to choose the 
upper or lower limit. I believe when 60 per cent of fine is permitted 
that the volume of material per mile of road should be increased. I 
believe some attention should be given to the grading of the material 
passing the Number 4 screen. About the same gradation as is given in 
the specifications for the stabilized gravel surfaces should be required. 
The quality of this fine material should also be examined. 
Maintenance 
The frequency of maintaining the surface of our highways depends 
on the amount of traffic they carry, the quantity of moisture, and the 
condition or quality of the traffic-bound surfacing materials. Main-
tenance should be sufficient to keep the surface smooth and free from 
ruts. 
For patroling I prefer the truck with an under body blade, or the 
power-driven blade patrol mounted on pneumatic tires. The wind-
row eliminator used in connection with the patrol grader is useful. It 
spreads the ridge of loose material that runs off the blade and makes 
the road safe for travel at all times. 
It is hardly fair to compare the cost of maintenance of the various 
surfacing materials unless they are all subject to the same conditions, 
such as design of roadbed, volume of surfacing material per square 
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yard, type and volume of traffic. I cannot give this comparison, I can 
only give the costs as we have them. 
Our washed graveled roads carry the heaviest traffic, and the cost 
of maintenance is more than for the pit run or the crushed stone. 
For the year ending in November 1935 the average cost of main-
taining a mile of the traffic-bound surface of our State-Aid roads was 
as follows: 
Washed grave I ................................................... S41.20 
Pit-run gravel. ................................................... 29.68 
Crushed limestone ................................................ 25.36 
These costs include labor, fuel, and lubricant. They do not include 
depreciation of equipment of $20.00 per mile, or any added material. 
These prices will vary from year to year. The cost for 1936 will 
probably be higher clue to snow removed during the past winter. 
Our legislative committee should have revised that portion of the 
Motor Vehicle Law that pertains to the regulation of traffic over 
gravel roads during that season of the year when the frost is coming 
out of the ground. The weight specified for vehicle, including load, is 
an arbitrary weight of 5000 lb. and has no reference to the weight 
per inch width of tires. The weight of most of the trucks used on our 
highways today is more than 5000 lb. The weight limit should be in-
creased so that the law would be practical and could be enforced. 
In conclusion I would repeat these necessary items of procedure 
in order to secure a satisfactory road: 
First, build the grade well in regard to elevation and alignment, 
and provide vision at cross road intersections. 
Second, use enough surfacing material to cover the grade to the 
boulder line. 
Third, grade surfacing material properly. 
Fourth, patrol the surface frequently. Keeping the surface smooth 
not only adds to the comfort of driving but prolongs the life of the 
road. 
Fifth, regulate traffic at the season of the year when the frost is 
coming out of the ground. 
XI. SNOW FIGHTING ON ILLINOIS HIGHWAYS 
C. W. Ross* 
The problem of snow and ice removal is one of the most important 
to those concerned with the operation of our transportation system 
of 12 000 miles of State and Federal highways. 
During the winter months, snow and ice form a constant menace 
to users of the highways and the communi ties dependent upon them. 
Communities have become dependent upon the continuity of service 
given by commercial enterprises that deliver produce to them daily. 
Consequently, blockade of the roads for a day or two seriously de-
pletes the stores of provisions. Recent demands also indicate that 
communities depend upon local mines for a large portion of t heir fuel 
supply. These services are solely dependent on the roads being kept 
open. On account of this greater use of our transportation system, the 
increase in improved highways, and improvemen t in motor vehicles, 
the snow removal problem takes added importance each year. 
The dcYelopmcnts that have taken place in body design and 
automobile heaters have indu ced more and more winter traffic. The 
travelers wear only ordinary clothing, and do not prepare themselves 
to face the cold of the winter in the open air. .:\ifany drivers venture 
out without chains, very few carry tow ropes or shovels, and some 
even do not have tools and jacks with " ·hi ch to change tires. Some 
go on trips of hundreds of miles and, wh en caught out in sudden 
storms, experience hardships and difficulties that arc a lasting memory . 
Therefore, it is necessary to do all \Ye can to get these travelers to 
their destinations. 
Snow removal has other advan tages in addition to those already 
rec"ited. Remova l of snow lengthens the li fe of the pavement and 
eliminates countless drainage problems. Also, the greater use of the 
roads increases the funds derived from t he gasoline tax. 
During the recent emergency, the snow removal facilities of the 
State Highway Department were taxed to the limi t, and could not be 
furnished to the counties and townships. Therefore, it behooves all 
authorities to face the demands the public is making and provide for 
the opening of important roads under their jurisdictions. 
The Illinois Division of Highways handles the work of snow re-
moval as a part of its maintenance activities. The Chief Highway 
E ngineer directs the work through the central office of the Bmcau 
*Engineer of l\Iainknance , Jll ino is Di\'is ion of H ighways, Springfield , Ill. 
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of ::\Iaintenance, which deals directly with the ten district engineers, 
each of \Yhom has charge of a certain portion of the state highways. 
Each district engineer has a district maintenance engineer in charge 
of all maintenance activities, including direct charge of snow removal 
in his district. Assisting the district maintenance engineer are other 
assistant highway engineers assigned to maintenance work. Ordi-
narily , this number varies from four to seven as work requires. The 
district engineer transfers additional engineers from construction and 
design if required during emergencies. In a few instances, almost the 
entire engineering forces of some districts haYc been actively engaged 
in directing snow removal. 
Next in responsibility, under the engineering force, arc the main-
tenance foremen and supervising patrolmen. Each maintenance fore-
man is given complete charge of a large territory. Each supervisor 
has direct charge of eight to ten patrolmen. 
For all maintenance operations, the State system of highways is 
diYided into maintenance sections averaging approximately 22 miles 
in length. Each section is in charge of a maintenance patrolman, who 
is equipped with a truck (usually 1% ton) and a sno\Y plow. Under 
ordinary conditions of snow and ice, the patrolman with this equip-
ment can keep his section open and passable. When storms of such 
severity occur that the patrolman's equipment is unable to keep the 
roads clear, he calls his supervisor and detailed information on con-
ditions is relayed to the district office. The heavy equipment is then 
put into service. This equipment consists of heavy-duty trucks and 
V-type plows especially designed and constructed to remove the la rger 
snow drifts. The trucks are equipped with 100-horse-po,,·er motors . 
dual transmissions , double-reduction differentials, and gear ratios as 
high as 100 to 1 to give maximum pulling power. These trucks are 
a signed to definite sections of road approximately fifty miles in 
length for the winter months. At other times they arc used on large 
maintenance projects. Additional equipment includes one modern 
rotary plow and large tractors equipped with bulldozers. Arrange-
ments have also been made to use privately-owned trucks on certain 
sections, and an additional rotary plow has been rented in emergencies . 
When information is received from supervisors that the small 
equipment is unable to keep the roads clear, the district maintenance 
engineer directs the heavy truck operators to the sections giving 
trouble. As the intensity of the storm increases, sub-districts arc set 
up "·ith an engineer in charge in order to better direct operations and 
arrange shifts in personnel. In the meantime, communication is main-
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tained with the Bureau office at Springfield; this office correlates all 
information received from the various districts. If the intensity of 
the storm increases, the Springfield office arranges for t he transfer 
of equipment from the sections of the state not affected to the storm 
areas. General information regarding road conditions is also given to 
the public by means of answers to personal calls and through such 
agencies as the press, motor clubs, and radio broadcasting stations. 
Such information, together with heroic efforts of many snow-plow 
crews, enabled countless motorists to avoid serious suffering in recent 
storms. 
With previous experience as a guide , the Bureau of Maintenance 
of the Division of Highways prepares its plans for removal of snow 
and ice before the advent of the winter season. The traffic survey 
has determined the amount of traffic on each route. Each district 
plans to concentrate equipment during severe storms and keep those 
roads open which the survey has shown to be most important to 
traffic. Snow maps are prepared which show the assignment of 
equipment to each section of road, and which indicate the highways 
upon which the greatest effort is to be expended. Copies of these maps 
are sent to the Springfield office in order that the efforts may be cor-
related throughout the state. 
As part of the preliminary work, snow plows arc overhauled, 
equipment is placed in good condi tion , special tire chains are secured 
for the trucks, extra parts are stored in anticipation of emergency 
repairs , and head lamps are raised to levels that will be above snow 
plow wings. Snow fences have proven quite useful in the prevention 
of drifts at many points. Therefore several hundred miles of snow 
fence are erected where farm owners give permission. 
Materials to reduce and prevent skidding are stored in large 
quantities at steep grades, sharp curves, paved intersections, rail-
road crossings, and other hazardous points where storage facilities are 
available. These materials are treated with chemicals to prevent 
freezing, and to facilitate placement upon the highway. 
Truck drivers who are to operate the large plows arc instructed 
and familiarized with the handling of the equipment to which they are 
assigned. Upon these men is placed the responsibility of keeping the 
most effective equipment in action, and it is necessary that they be 
thoroughly aware of this fact. A good operator is always anxious 
to show his ability in the operation of this equipment, and is slow 
to give way for a relief driver, which accounts in some cases for the 
long hours and cold endured. 
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Plans are made to operate the garages on a 24-hour basis so that 
mechanics will always be available. Good mechanics are very im-
portant, as they are called upon to make repairs under the most 
difficult condit ions in low temperatures, often on the open roads. The 
district offices are also organized so that during storm periods en-
gineers will be on duty night and day to take reports from the field 
engineers, foremen, and supervisors and to direct operations. 
All th is preliminary work, which requires much time and costs 
thousands of dollars, must be finished before snow fa lls or ice for-
mations occur. It is absolutely essential that all men and equipment 
be ready for immediate operation when a storm begins. Two or three 
hours delay may mean blocked roads or serious accidents at some 
hazardous places. 
·when snow starts falling, or when weather reports predict snow, 
equipment is called from other work and made ready to carry out 
the snow-fighting plans. Small trucks with one-way scraper plows are 
started plowing when one to two inches of snow covers the pavement. 
These plows are designed to scrape from the pavement the snow or 
slush which might pack or turn to ice in case of a sudden drop in 
temperature. 
Field engineers, foremen, and supervisors make reports at regular 
intervals, and recommend such changes as may be necessary. If the 
intensity of the storm increases, and the snow reaches a depth that 
retards the speed of the light trucks, the heavy equipment is ordered to 
help. Patrolmen operating small trucks switch from the one-way 
scraper plows to their V-type plows when so equipped. By covering 
each section, making a trip every two or three hours with the large 
equipment, and by keeping the small plows running constantly, 
traffic is served satisfactorily during the average storm. However, 
during very severe storms causing serious drifting and limited visi-
bility, the road is gradually reduced to narrow lanes th rough the large 
drifts. Pusher trucks are added and drivers follow paths of least re-
sistance leaving a snake like trail in order to get through and relieve 
stranded motorists. 
By the t ime this condition prevails, warnings' given by radio, 
garages, filling stations, and motor clubs reduce travel to a minimum, 
traffic on roads of lesser importance ceases, and reports from the field 
indicate that a general blockade exists. Large equipment is then 
ordered to concentrate on the preferential routes, leaving the small 
equipment to do what is possible on the other maintenance sections, 
and to assist any remaining stranded motorists. Every effort is put 
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forth to keep the main highways open, and our general experience 
has been that they haYc been kept open. The temporary blocking 
that has occurred i::; very often clue to traffic jams where cars and 
trucks have been abandoned so that much time is lost in pulling them 
out before the plows can proceed. 
When the drifting subsides, and the main routes arc open to one-
way traffic, the equipment is returned to its designated route. When 
all routes are open, the equipment is again concentrated on the prefer-
ential routes in order to provide two or more lanes for traffic. The 
engineers, foremen, or supervisors direct this work. Snow on the side 
of the road where the drifts have formed is moved to available storage 
space on the other side by means of splitting through the deep drift 
with the heavy equipment and using the one-way plows to push it 
across the road. Where possible, all snow is pushed into the ditches 
and all vertical cuts are sloped by means of a snow plow wing, bull-
dozer, or tractor. 
This shifting of these drifts reduces clanger of blockades from 
future snows, but by no means ends the snow difficulties . Drifting 
or thawing naturally changes conditions, and it is necessary to ob-
serve and keep constant check of field conditions. 
Continued high winds and low temperatures, with a large amount 
of snow on the ground, often spoil the best laid plans. However, 
by continued strenuous efforts on the part of employees of the High-
way Department, preferential routes ban been kept open in the face 
of severe storms. 
XII. SNOW FIGHTIKG IN ILLINOIS CITIES 
H . B. BLECK* 
In discussing "Snow Fighting" from the municipal standpoint, it is 
of primary importance to consider the subj ect matter in the light of 
the Illinois Statutes. Under these laws the many municipal powers, 
duties and responsibilities are defined, but because of them, through a 
complexity of revenue inhibitions and limitations, many of our most 
c~sential municipal services become impossible of proper or efficient 
performance. 
Thus we ha,·e, for example, an abundance of rcYcnue available for 
playground purposes and summer band concerts. Conversely, the 
budgetary provisions for other and perhaps more important municipal 
purposes, are as restricted as cuspidors in a young ladies' dormitory. 
In the category of these semi-orphaned municipal services we find 
snow removal. The only legal , available funds for snow removal in the 
average Illinois city are the reYcnucs obtained from the proceeds of 
the Township road and bridge levy and the motor fuel tax. 
The first of these, although collected practica l!~· in entirety within 
the corporate area, is equally divided; one-half to the urban area and 
one-half to the township area immediately outside the corporate limits 
for the benefit of a few who, in order to evade muni cipal taxation and 
yet seek to share in its 8enefi.ts, have built just across the line. Strange 
as it may seem, the road and bridge tax, although essentially a 
municipal tax on urban property , is levied by that archaic institution 
known as "The Township Government," consisting of a Road Com-
missioner who, in many cases, may be a good butcher and the austere 
Town Board of Auditors. With these dignitaries, our City Councils 
and officials must annually plead for a levy predicated on a minimum 
street maintenance service and always on the supposition that no 
extraordinary conditions will arise. Thus, it is genera lly assumed 
there wi ll be no floods, no pavement or drainage failures, and no ice 
or snow. And, in the fair , early September weather, such visions can 
be readily reconciled. 
Although our state population is now over 75 per cent urban in 
character, this fact has been of li ttle significance to the State Legisla-
ture in modernizing the revenue structure of our city governments, 
commensurate with present clay demands and service requirements. 
It is of course true that the one-third share of motor fuel tax 
rennues conceded in recent years to municipalities has been of ma-
*City Engineer, \Vaukegan, 111. 
99 
100 ILLINOIS ENGINEERING EXPERIMENT STATION 
terial assistance in maintaining an arterial street system compnsmg 
10 per cent to 20 per cent of the total street mileage. Whether this 
act was prompted by a spirit of righteousness or justice, or just hap-
pened in a moment of legislative weakness, is difficult to determine. 
However , our cities are truly grateful for the assistance, although it 
came near being an Indian gift through the subsequent diversions of 
these street funds. 
An analysis of municipal finances shows that the average Illinois 
city is underfinanced in comparison with the average American city 
of the same size in all municipal functions and services, with the ex-
ception of schools, parks, playgrounds and libraries. In these we equal 
and in some cases even exceed the costs of the average American city. 
However, in all other services, including police and fire protection, 
street lighting and street maintenance, the average Illinois city 
operates on a revenue basis of 60 per cent of the American city aver-
age. And this includes the City of Chicago, as well. 
With these remarks as a premise, we are now ready to discuss snow 
fighting in Illinois cities. Needless to say, after eight months of the 
fiscal year have come and gone and with a street maintenance budget 
equal to about 60 per cent of the American Standard, "two strikes" 
are on the Illinois city just about when the snow begins to fly. 
Two months of icy pavement conditions have been overcome by 
constant sanding or cindering street inters~tions, cross-walks, bad 
turns and hills. No chance to cut payrolls there. And now the snow, 
sub-zero weather, and more snow, over and over again. Frozen and 
bursting water pipes add to the snow, slush , and ice on the streets. 
Later will come the spring thaws, ice ruts , frozen gutters and drain-
age inlets to keep open for the reception of the run-off. Just now we 
are barraged with complaints of no water-frozen service pipes. In 
a month, we >viii have the same complaints reversed- too much water 
-basements flooded. And finally , the last ice will have melted. The 
streets and gutters will dry up with the winter and spring accumu-
lation of street refuse and cinders no longer needed to prevent skid-
ding on icy pavements. These, so urgently demanded by an alert 
citizenry, must now be forthwith swept up and removed for the women 
have begun their housecleaning. Catch basins choked up with mud 
and street filth must be cleaned out. And then through the spring 
and summer come the maintenance and restoration of pavement sur-
faces. And finally, on the first Tuesday in September, the annual 
road and bridge tax haggle, and the familiar song, "It ain't gonna 
snow no-more." 
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Illinois city officials realize that the motorist no longer puts his 
car up on jacks with the first snow flurries and leaves it there over 
the winter until balmy winds announce the arrival of spring. The 
present-day motorist expects and demands open roads throughout 
the year. He wants to drive his car every day, and if this is made 
possible, he must continue to buy gasoline, and gasoline is revenue 
to the state, county and city road funds. The reasonable policy of our 
state highway department in authorizing the use of city motor fuel 
tax funds for snow removal on arterial streets is appreciated, and has 
made possible an efficient snow removal service on at least this portion 
of the city street mileage. These streets are plowed continuously 
during every storm. Cross streets and streets of secondary importance 
are cleared immediately thereafter. Alleys are plowed last of all. 
In average snowfall years, sidewalks are also plowed by the 
city. The sidewalks requiring snow removal are generally confined to 
vacant property, the homes of aged or sick, the residences of men who 
are unable to get their wives out to shovel the walks, and to another 
"don't give a darn" minority element who, in a spirit of civic helpful-
ness , knowing the statutory responsibility of the city, call up the 
street department about five times a day and demand to know "why 
my sidewalk hasn't been plowed yet?" 
Needless to say, there has been no opportunity or facility available 
this year for sidewalk clearance until very recently when the W.P.A. 
consented to the use of its employees in emergency snow removal. 
The public in general, has been very reasonable and tolerant in the 
present emergency. Of course there is always bound to be the fellow 
who calls the street department early in the morning, after a severe 
storm with the following conversation; "Say, when are you gonna get 
me out of the snow? I know you got the street clean, but how am I 
gonna get out of my driveway? You plowed a big snow bank right 
across the front of it." 
For complainants such as this one, I would recommend to the city 
councils the passage of an ordinance invoking an ancient statutory 
provision in the Cities and Villages Act, Chapter 24, Sec. 529, 
approved May 31, 1879. 
"An Act providing for labor on the streets and alleys of all cities 
and villages in this State. 
"Be it enacted by the People of the State of Illinois: That the 
City Council in all cities .... may have power, by ordinance, to 
require every able-bodied male inhabitant of any such city .... , 
above the age of 21 years and under the age of 50 years, (excepting 
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paupers, idiots, lunatics and such others as arc exempt by law) , to 
labor on the streets and alleys of any such city . ... , not more than 
2 days in each year; but such ordinance shall provide for commutation 
of such labor at 75 cents per day. " 
The section following provides a penalty. If not entirely effective, 
an ordinance under this act would at least silence the unreasonable. 
XIII. SNOW FIGHTING ON COUNTY ROADS 
EVERETT J. WENDELL* 
It has always been said that experience is the best teacher and I 
believe that no truism is more applicable than this one to the problem 
of snow removal on public highways. It is true that advice from 
those ,,·ho have already had experience helps very much, but to 
secure ·the complete solution of the many problems that arc bound to 
arise from this situation necessitates direct experience. 
As in every walk of life and every branch of industry each group 
has its own peculiar problems and solutions. We arc here concerned 
not " ·ith snow removal in general over the country but with the 
problem of snow removal from the standpoint of the County High,rny 
Departments in Illinois. We are concerned not so much with the 
Yarious possible methods, but with the best available equipment and 
methods at a cost that the County can afford. Of course, the larger 
the organization, the more and better equipment can be economically 
available. With reference to the methods used by the State Highway 
D epartment it can readily be seen that much equipment can be 
bought, and also that it may be transferred from various parts of the 
State to other locations where weather conditions ha,·e warranted a 
concentration of men and machines. 
Our problem, on the other hand, that is in the counties, is more 
localized, and also more limited due to the availability of funds. As 
the County budget is made up a year in advance, the provision of 
funds for unforeseen weather conditions is purely guess work. There-
fo re it is imperative that, regardless of conditions, this expenditure 
must be kept within the appropriations. That brings us face to face 
with our problem- what shall the counties do about snow removal? 
This situation is much the same as the story about the man whose 
house had a leaky roof. He never got around to fix it because when 
it didn't rain the roof did not need fixing and when it rained it was 
too wet to do anything. I believe we are all too prone to follow his 
attitude. When there is no snow nothing is done in anticipation, for 
it is not then necessary; and when we do get snowed under it is too 
late. 
From my own experience I believe the fundamental solution of 
snow removal is preparedness. In the fall after construction has 
ceased it should be the duty of each of us to see to it that all 
"*County Superintt•ndent of Highways , P eoria County, P eoria , Ill. 
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machinery and equipment used in removing snow is overhauled and 
made ready for instant use in anticipation of needs. Then is the 
time for each County to buy the new equipment it needs. If we wait 
until all the roads are blocked and then order equipment for immedi-
ate delivery, I think that we will find everybody else is trying to do 
the same thing, with the result that costly delays will be incurred , 
with the consequent complaints from people isolated by the storm. 
We must also bear in mind when buying equipment that we should 
buy as little as possible of machinery that has the one and only pur-
pose of snow removal. Machinery that can be used both for every 
day uses and also for winter uses is what we should plan on. Of 
course, the plows and accessories have to be secured, but what I had 
in mind is equipment similar to rotary plows. If it were a case of 
opening the roads in a minimum length of time regardless of cost, it 
would then be a simple solution of the problem to buy enough rotary 
plows to put on each main road in the County, and thus secure com-
pfete immunity from snow filled roads. The cost of this procedure, of 
course, would be prohibitive to organizations such as the County 
Highway Department. 
Assuming that all the machinery and equipment now is ready for 
instant use, I would like to make another suggestion. From my own 
experience, usually when we are confronted with the problem of 
drifting roads we are encountering severe cold. Time and time again 
this has occurred, with the result that, if the machinery is left out of 
doors, much difficulty is encountered getting engines started, and 
delay in starting the machinery at these times is very costly. I would 
therefore suggest that all machinery having motors be kept in warm 
garages, or at least in tight closed sheds during the winter months. 
No matter how many machines you have if you cannot start them 
they are not much good to plow out snow. 
Also, in planning our attack on old man winter, I bclieYc that 
one trouble with most of us is that we over-estimate the work · that 
various kinds of machinery will do. Vile cannot expect a ton and a 
half truck and plow to do the work that needs a three- or five-ton 
truck and plow; nor can we expect a 20 or 35 tractor and plow to do 
the work that needs a 50 or 60 tractor and plow. 
We have learned that snow removal is harder on equipment than 
any other kind of work, and as a result often find some of our 
machinery in the shop for repairs just at the time when we need it 
most. During extreme and continued cold , parts crystallize and 
break; while the constant battering received trying to force a way 
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through drifts loosens every bolt and joint. Adequate supplies and 
equipment for repairs and maintenance are essential. 
We are now ready for the snow when it comes-I hope. Prompt-
ness in starting the machinery out is, I believe, the necessary requisite. 
At the beginning of the snow storm it is advisable to ascertain the 
direction of the wind and then plan the operations so that the heavier 
machinery will be working on the roads more likely to be closed by 
drifting. If the wind is from the east or west the light plows should 
be sent on the east-west roads and the heavy machinery on the 
north-south roads. Also, vice versa, if the wind is from the north, 
east and west roads will drift and need the heavier machinery. If 
this procedure is followed it will not be so likely that the lighter 
machinery will be laid up for repairs just at the time it is most needed. 
There really is not much I can say about the actual process of 
moving the snow, for you probably are a ll fami liar with it. The 
main point in my mind is to keep the machinery moving constantly 
during the storm, and afterward, until the road is open. If this is not 
done and drifts accumulate it then becomes a difficult task to remove 
them. 
There may be times when it probably seems foolish and a waste of 
money to keep the machinery moving when the roads drift full again 
shortly after the plows have passed; but there is always the possibility 
that some unfortunate person may be marooned in one of the drifts 
and, if the plows accomplish nothing more than to help this person out, 
I feel that the efforts have been worth it. 
For the past severa l years our snow removal problem has been 
quite simple, but this winter has presented difficulties and problems 
which we had never before encountered. One of the many lessons 
learned this winter is that we must not be satisfied with merely 
opening the roads to traffic after the storm, but continue work and 
widen out the places that are drifted badly in anticipation of more 
snows and more drifting. 
·we are too apt, in this locality, to assume that after we have had 
two or three snows this accumulation will melt before another storm 
appears. It is true that this is ordinarily the case, but, when we have 
conditions similar to this year, we find that if constant effort is not 
applied to clearing the drifts during the storm, and \\'idcning them out 
as soon as possible, when the next much unwanted snow does come 
\Ye have no place to push it. It then becomes ncccssarJ' to employ 
manual labor, a very slow, costly, and unsatisfactory procedure. 
I also believe that all the operators of machinery should from 
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time to time telephone in to some central headquarters as to their 
status. It expedites matters very much if the location of the equip-
ment can be controlled. This eliminates needless time spent on roads 
where the conditions do not warrant it, and also makes it possible to 
concentrate all the equipment available on roads where drifting is bad. 
In this manner all roads may be opened and provide an outlet for the 
local inhabitants before another storm comes. 
If it is at all possible I think that there ::;hould be an extra 
machine available at some point close to the location of the heaviest 
population in the county. This is ncccssar:< , I bclie,·c, in case of 
emergencies, such as sickness, or lack of fuel or food. 
There is no set rule for sno\\· removal, and what I have recom-
mended here may not be satisfactor~' in other parts of the state, due 
to climatic conditions, or perhaps to availability of funds. 
Peoria County is using plows on motor patrols, light trucks, and 
heavy trucks. I have found that the motor patrols and light trucks 
take care of many of the roads in good shape. On heavily-drifted 
roads we arc using four-whecl-dri,·c trucks and plows with a 50 
Diesel caterpillar tractor as a pusher. This outfit has been able to go 
through any drift \YC have had in m~· county. 
As I said before \\'C all learn by experience, and should continually 
try to better our work; if we do not, we arc going backward instead 
of forward. I think that you will find, as each winter passes with the 
consequent struggle to keep the roads passable , that new ideas and new 
methods probably will be adopted. 
In summing up this work of keeping the roads free from drifts 
and passable I think the whole situation can be outlined in four steps 
in their relative order- preparedness, promptness in starting, con-
tinued action , and widening out, or "mopping up" to use an army 
expression. 
As you probably all kno11·, the people each ~·car arc expecting 
more and more from the Count~· HiglnYay Departments, and I believe 
that it is up to the officials of the counties to meet these expecta-
tions as fully as possible. As the motto of the U .S. Mail is "the mail 
must go through," I believe our motto should be. "the roads must be 
kept open." 
XIV. ADEQUATE DESIGN REQUIREJ\IENTS FOR 
PRESENT-DAY TRAFFIC 
(a) R. E. TOMS* 
The history of all transportation since the invention of the wheel 
is that improvements in the vehicle or means of locomotion make 
necessary corresponding changes in the roadway used by the vehicle. 
These changes are profound and far-reaching in the rapid develop-
ment of any means of transportation. They quickly make obsolete 
road,rnys that have been provided because such developments cannot 
be forecast with accuracy. 
By continua lly recasting and modifying design and construction 
practice in an endeavor adequate ly to meet the demands of the vehicle 
during the period in which the vehicle is undergoing rapid changes, 
the rate of obsolescence of the roadway finally is reduced to a mini-
mum as the vehic le more gradually approaches its ultimate develop-
ment. 
The purpose of transportation is to provide a utility which eco-
nomically can be used with safety for the prompt and quick movement 
of human beings and the things necessary for their existence, comfort, 
and pleasure. The development of highway transportation in this 
country has been without parallel. It is the result of the impetus given 
to travel by the motor vehicle. It has been made possible by the 
resourcefulness and ability of the manufacturers of the vehicle to 
improve their product and by the conscientious efforts of public offi-
cials to provide suitable roadways on which to operate it. Unl ike 
other forms of transportation it is largely individual in character, and 
because of this characteristic has introduced many problems that are 
not present in combined units of transportation. Except for mechani-
cal defects and physical obstacles , the actual path of the vehicle is 
controlled by the driver and, therefore, may be subj ect to cwry 
possible human reaction. 
The essential elements that affect the adequate design of the 
road,rny are the speed, volume, width, length, and weight of the 
Yehicle. Other elements which must be taken into consideration are 
those " ·hich affect the safety, comfort and pleasure of travel. In 
stri,·ing to obtain roadways adequate for present and future traffic 
much has been accomplished, but many things have been left undone 
\Yhich should have been done. The width, length, and weight of the 
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vehicle largely have been controlled by legislation so that for any 
given set of conditions roadways may be provided with a reasonable 
degree of assurance that they satisfactorily will meet such require-
ments. 
Endless time and money have been expended in mastering the 
details of pavement design and the technique of pavement con-
struction so as to provide roadways that may endure and be traveled 
in comfort. In our modern construction there is little more that can 
be desired or accomplished with respect to these details. 
Of recent years more attention has been given to the matter of 
providing roadways of more pleasing appearance so that the traveled 
way may harmonize and blend \\·ith the general landscape through 
which it passes. The essential problems of speed and volume, which 
constitute the broader aspects of the whole problem of highway 
transportation, however, have not received the same intelligent study 
and consideration that have characterized other features of design. 
Particularly is this true with respect to the element of speed. Our 
general approach to the problem has been to adopt more or less 
limiting degrees of curvature for different road classifications under 
different topographical conditions, and then promptly forget them. 
Too frequently such standards have been considered as objectives 
rather than requirements and are modified at will wherever difficulties 
of varying degree are encountered in obtaining them. The result is 
that we now have highways embracing sections of varying lengths 
that are unsafe for present-clay speeds. 
There is no mystery about the maximum rate of curvature which 
will permit travel to pass safely around the curve at any given speed, 
nor is there any lack of knowledge concerning the speed at which the 
majority of traffic moves on the open road at the present time, or the 
ability of the present-day motor vehicle to exceed these speeds. The 
first and fundamental approach to the problem of adequate highway 
design for present-day traffic, therefore, resolves itself into a question 
of determining the speed for which all component parts of the roadway 
must be designed. This is not easy for a mathematical determination. 
The ordinary individual driving an automobi le tends to travel at a 
speed which he considers entirely safe under normal conditions of 
operation. Improvci;nents in vehicle design, smoother operation, less 
vibration, better braking, etc., have all combined to effect an increase 
in the rate of speed which the ordinary driver thus considers safe 
under normal conditions. Whether we like it or not the trend in high-
way traffic as well as in all other transportation is toward higher 
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average speeds. We cannot reverse this trend by building highways 
that are unsafe for these speeds. All that would be accomplished by 
so doing would be to increase the already large accident rate. We 
must make up our minds, therefore, that adequate main routes for 
present-day highway traffic must be designed to permit safe operation 
at a speed of 60 miles or more per hour with a reasonable margin of 
safety. By so doing higher road speeds are not encouraged any more 
than on straight sections of highway. A straight road with sufficient 
vision may be traveled without physical limitation as to speed and 
the effect of designing for any given speed simply controls the maxi-
mum rate of curvature in 'the interest of safety without necessarily 
inviting the maximum speed. 
Volume is the varying element in highway design except with 
respect to roads purely local in their significance. It affects and con-
trols the number of traffic lanes required. If it could be forecast with 
accuracy then the initial construction could be planned to progress or 
expand to its final stage without the heavy loss incident to providing 
more adequate facilities on heavily traveled roads where rights-of-way 
are restricted by abutting development. · 
If highway design is approached from the standpoint of providing 
a utility which can be traveled safely at a given maximum speed the 
matter of alignment is immediately simplified. We know the practical 
limits to which superelevation may be employed to compensate cen-
trifugal force . Generally, this will not exceed one and one-quarter 
inches of cross slope· per foot in width. Any centrifugal force larger 
than that compensated by superelevation must be taken care of by 
the friction between the wheels of the vehicle and the roadway 
surface. Numerous driving tests indicate that for speeds up to 50 and 
60 miles per hour under normal dry weather condit ions a coefficient 
of friction between the wheel and the pavement sur face of 0.16 may 
be used without causing any discomfort to the occupants of the 
vehicle. For speeds in excess of 60 miles per hour indications are 
that allowance for the coefficient of friction between the wheel and 
the pavement should be reduced. With a maximum superelevation of 
one and one-quarter inches per foot, therefore, and an allowance of 
0.16 fo r the coeffi cient of friction between the wheel and the pavement 
a six degree curve is the maximum that can be used for a safe speed 
of 60 miles per hour. For design speeds in excess of this rate cor-
respondingly flatter curvature must be utilized. Wh atever the speed 
selected it serves to fix the standard of alignment insofar as safety is 
concerned. 
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From the standpoint of appearance a flowing alignment is much 
more pleasing and restful to the traYelcr than a series of tangents 
connected by curves of maximum permissible degree. For high speed 
traffic it is particularly desirable that the design of the alignment 
should encourage the Yehiclc to keep to its traffic lane. This brings 
into the picture the transition cun-e between tangents and circular 
curves as a means of minimizing the abruptness of change from the 
tangent to the circular curve so that there will be no tendency for 
the driver to cross his traffic lane. 
The use of transition curves should and will be accepted as a 
fundamental part of adequate alignment in our highway work in the 
future. ·while a maximum degree of curvature is necessary to fix the 
limit beyond which \\·e may not go in designing for any given speed, 
the top limit of currnture should be used sparingly and curves of the 
least possible degree used for all changes of direction. If physical 
obstacles are encountered which require the introduction of curvature 
which cannot be tra,·clcd sa fely at the speed for which the road is 
designed, such curYcS must be marked plainly with an indication of 
thei r safe travel speed. We cannot continue to rely upon the individual 
judgment of the driver to determine safe speed on curves because Yery 
few drivers are gifted with this faculty. The natural tendency of the 
driver approaching a curve at a speed too great for the curve is to 
leave his traffic lane and travel on a flatter curve. Where there is 
opposing traffic this practice is highly dangerous. 
Grades arc of importance primarily because of their effect upon 
the composite average speed of the heavier vehicles. Grades of 6 or 
7 per cent have but little effect upon the speed of the present-day 
automobile. Short grades of such rate arc not objectionable to the 
heavier vehicles also because under ordinar:» conditions the momentum 
of the vehicle will carry it along without material reduction in its 
speed. Long sustained grades, however, of such 6 or 7 per cent rates 
and even less grade, especially when combined with horizontal 
curvature, operate to materially slO\Y do\Yn the heavier vehicles and 
dam up other traffic .behind them until opportunity is afforded to pasti. 
This condition encourages the impatient driver to attempt to pass th e 
slower vehicle without sufficient vision ahead and contributes a sub-
stantial figure to the annual accident toll on the highway. High speed 
requires clear vision ahead for safe operation. Grades. therefore, must 
be connected by vertical curves of sufficient length so that ample 
sight distance is available for the driver to see and react to the condi-
tions ahead. On 2-lane highways and on 4-l anc high\rnys in which 
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opposing traffic is not separated by neutral or parkway strips a 
driver may turn out into the opposing lane of traffic. For these condi-
tions a sight distance of 800 feet is desirable at the apex of grades. 
The lack of sight distance on 3-lane highways is usually responsible 
for the high accident rate on this type of construction. Where the 
middle lane is used intermittently by traffic proceeding in opposite 
directions for the purpose of passing, sight distance must be increased 
substantially over that used in any other type of construction. Sight 
distances of from 1200 to 1500 feet are desirable. On divided road-
ways where traffic in opposite directions is separated by a neutral 
zone or a parkway of varying width, sight distance at grade summits 
may be substantially reduced because the possibility of accidents is 
limited to rear-end collision. 
Where ruling grades are utilized they must be compensated for 
curvature. Such compensation permits future adjustment or flattening 
of curvature without exceeding the maximum established grade. This 
principle should invariably be employed with respect to the design 
requirements of roads which may generate a sufficient amount of 
traffic at a later date to justify more improved standards of align-
ment. The ideal conception of highway design for highway traffic in 
the future visualizes the construction of a limited mileage of highways 
which will be utilized by a relatively high percentage of heayy vehicles 
on rather light ruling grades so that the composite average speed of 
all vehicles will be little affected thereby. Where heavy vehicles will 
constitute only a relatively small percentage of the total traffic, higher 
ruling grades arc justified. 
The combination of horizontal and vertical curYature in relation to 
highway design has not been given the consideration it deserves from 
the standpoint of traffic capacity, safety, and pleasing appearance. 
The higher the road speed the greater the horizontal distance required 
for passing overtaken vehicles. This distance depends upon the speed 
of the vehicles going in the same direction and the speed of a vehicle 
approaching from the opposite direction, and may require a total 
distance of 2000 feet or more to pass an overtaken vehicle and return 
to the proper traffic lane. This distance is much greater than the sight 
distance ordinarily secured at summit grades or b~' the use of hori-
zontal curvature which permits the maximum design road speed. 
·where horizontal and vertical curvature are so interspersed, therefore, 
that there are no clear indications of sight distance of 2000 feet or 
more and there is a heavy volume of traffic moving in both directions, 
the speed of travel tends to be restricted to that of the slowest moving 
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vehicle because of the inability to pass with safety. This situation 
tends to cut down traffic capacity. In relatively rough topography 
where a considerable amount of horizontal and vertical curvature 
must be utilized studied effort must be made to fix the design so that 
at rather frequent intervals there will be introduced into the a lign-
ment sections which permit ample sight distance on horizontal and 
vertical curves to a llow vehicles to safely pass others going in the 
same direction. Grades have the effect of foreshortening distance. 
Where horizonta l curves are located without regard to the relation-
ship of the grade of a road an effect is frequently produced of a sharp 
bend in the road rather than of pleasing, flowing alignment. Hori-
zontal curvature lying wholly within the limits of sag verticals invari-
ably produces this effect. Vertical curvature as a general rule should 
not overlap horizontal curvature. This is particularly true at grade 
summits. 
Greater width of clearance is required for safety when traffic moves 
at high speed. There is a lso a greater reluctance of drivers to travel 
near the edge of the pavement, particularly if the shoulders of the 
road are soft . This condition leads to the inescapable conclusion that 
we must be thinking in terms of a 22-foot paved roadway for 2-lane 
highways. 
Opinion is sharply divided as to the wisdom of 3-lanc construction. 
In the vicinity of cities where the predominating flow of traffic is in 
one direction at different periods during the clay and ample sight 
distance is available, 3-lanc construction undoubtedly adds to the 
fl exibility of movement and traffic capacity of the road. It is extremely 
questionable whether this is the case where approximately equal 
volumes of traffic flow in opposite directions at the same time. Cer-
tainly the 3-lane highway is not a sa fe highway, and its evolu tion 
and use have been due more to the stress of economic necessity t han 
anything else. Where traffic reaches a volume in excess of that which 
reasonably can be carried by a 2-lane highway every effort should 
be made to expand the faci li ties into a 4-lane highway with traffic 
in opposite directions separated by a neutral strip or parkway. A 
neutral strip of from 2 to 3 feet in width serves the purpose of pre-
venting head-on collisions, but it does not in an~· sense offer a solution 
to the movement of cross traffic. On heavily trave led 4-lane roads 
it is almost impossible to obtain a sufficient break in traffic going in 
the two directions to permit cross movement of a vehic le without 
extreme danger, unless traffic control li ghts a rc used. If the roadways 
are separated a sufficient width to provide a safety island between 
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lines of opposing traffic, cross movement may be effected m two 
operations. By waiting for a break in the flow of traffic in one 
direction the vehicle may be moved into the . safety island and the 
crossing completed when there is a break in traffic in the opposite 
direction. For this purpose there should be a width of parkway of 
approximately 30 feet between opposing lines of traffic. Such construc-
tion also offers a high degree of flexibility in permitting recreational 
and pleasure traffic safely to utilize the openings provided for cross 
movement for turn-around purposes. Other than the use of traffic 
lights and grade separation structures, divided roadways with ample 
width of parkway offer the safest means yet devised for the movement 
of traffic across heavily traveled roads. 
The cross section of the roadway must emphasize the line of 
demarcation between the pavement and the shoulder without any 
appreciable difference in elevation. Where shoulders are constructed 
of soil which becomes soft during wet weather they must be grassed 
or treated with granular material immediately adjacent to the pave-
ment to permit vehicles readily to turn back on to the pavement, if 
for any inadvertent cause they have been forced to leave it. 
There is no excuse in our present highway design for deep drain-
age -ditches alongside our roadways. They are an eyesore as well as 
a source of danger. They have little effect in lowering the moisture 
content of the subgrade. If it is necessary to lower the ground-water 
table it should be done by ti le under-drains. Large volumes of surface 
water can better be taken care of with wide shallow ditches than in 
deep narrow ones. 
The roadway surface must be smooth and as skid-resistant as 
possible. It must be crowned accurately and yet only in sufficient 
amount for drainage purposes, and must be superelevated around all 
curves larger than one degree. It must have sufficient structural ability 
to withstand without distortion the loads that pass over it and to 
retain its smooth riding qualities during its period of useful life. 
Design procedure with respect to rigid type pavements and bases 
has been standardized along reasonably conservative assumptions that 
have been proven by research to be correct. No simple mathematical 
solution has yet been advanced and proven for the design of pave-
ment sections of the so-called flexible type. The answer to this 
problem has to do largely with the matter of soil mechanics in the im-
provement and utilization of methods for developing better subgrade 
support under adverse conditions. Subgrade soil surveys are now be-
coming a part of the regular design procedure of most of the State 
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highway departments and the results obtained more than justify the 
expectations that have been held out for them. 
Grouped as incidental construction in connection with highway 
work arc such items as guard rail, curbs, turn-outs for bus stops, 
sidewalks, lighting, and signal and traffic control devices. The 
traveler on the highway is interested in these details only to the 
extent that they contribute to his safety. 
Guard rail has been used since the horse and buggy days. It 
usually was of a height somewhat less than t he ordinary fence con-
fining stock in the fields. In the clays of horse-drawn traffi c it served 
such purpose on t he road, that is, to keep the horse mrny from t he 
edge of embankments. It required no great strength as the energy 
developed by having a horse-drawn vehicle come in contact with it at 
the angle at which such contacts could be made \ms negligible. Since 
the automobile has come into general use there has been a constant 
and gradual lowering of the center of gravity of the machine and the 
use of smaller wheels. Bumpers are now standa rclizccl at a height of 
17 inches above the road surface and there is no longer any reason 
or need for the use of high guard rail. If the velocity of the Yehicle 
contacting the rail is doubled the energy fo r cffcctiYc resistance must 
be quadrupled. Higher speed therefore has resul ted in the use of 
stronger rails. A strong low rail is the most effective means of prcYent-
ing a vehicle temporarily out of control from leaving the road. 
Another essential purpose of guard rail is to indi cate changes in 
direction of the roadway. For this purpose a high degree of visib ility 
is essential. Much of the guard rail that has been used in the past 
could well be eliminated withou t a sacrifice of sa fcty by more effec-
tively ut ilizing the right-of-way of the higlrn-ay in eonstructing flatter 
slopes of from 4 or 5 to 1 which the vehicle could utilize fo r emergency 
turnouts without danger of overturning. 
The vertical raised curb has no place in rural highwa:; construc-
tion. Its use should be confined exclusively to the cities \\·here it 
serves as a proper buffer for the parking of vehicles. Wherever curbs 
are used on rural highway construction they should be of a lo\\. sloping 
type so that they easily can be mounted by the wheels of the vehicle 
in case of an emergency. ·where curbs arc used an endeavor should 
be made to provide a slight increase in t he width of the traffi c lane 
ad jacent to the curb because of the natural reluctance of drivers to 
travel close to an obstruction, however slight. 
Where there is a considerable volume of traffic the promiscuous 
stopping of vehicles in traffic lanes is a menace to traffic and should 
CONFERENCE ON HIGHWAY EKGINEERlNG-1936 115 
not be permitted. This applies particularly to the motor bus in stop-
ping to receive or discharge passengers at such points as they may 
elect to utilize this means of transportation. The safety of the general 
public cannot be jeopardized for the convenience of the individual. 
Where busses operate on heavily-traveled roads, therefore, provision 
must be made for predetermined bus stops where this vehicle may 
turn out from the moving line of traffic to receive and discharge its 
passengers. This must become a feature of accepted highway design. 
It is better for the health of the bus patrons and the safety of the 
public for the patrons to walk to bus stops spaced farther apart than 
\rnit for busses at more frequent stops in the line of traffic. The same 
principle applies with respect to the rural letter carrier. Shoulders 
must be sufficiently wide and treated with surfacing at the location of 
rural mail boxes so that the carrier may stop out of the line of 
traffic. 
Where there is an appreciable amount of pedestrian traffic sicle-
\rn lks must be provided as an adjunct of highway design. They pref-
erably should be located beyond the roadway ditch and must have 
a surface equally as good as or better than the roadway along which 
the~· are built or they will not be used by those they were intended 
to sern. The ordinary individual will chance the hazard of walk-
ing on a paved road rather than walk with safety on a loose gravel 
'rnlk\Ya~·. 
The speed of the automobile has increased beyond the range of its 
headlights. This is evidenced by the high percentage of accidents and 
fatalities that occur at night. In highway travel there is always 
clanger in encountering something unexpected. Sharp turns and curves, 
blind crossings, narrow bridges and a host of other causes account for 
the high accident rate at night. Much can be accomplished by elim-
inating these undesirable elements in the design of the highway, and 
in adequately marking with visible signs those which cannot be elim-
inated or corrected. But aside from these rather obvious but rarely 
follo,rncl courses the answer to added safety for night driving appar-
ently lies in lighting some of the highways. The demands for highway 
improvements in the past have so overtaxed the abilities of the 
States to provide them that but scant attention has been given to 
many of the refinements relating to highway operation which make 
for general safety of operation. When the immediate pressing demand 
for extension of highway service is satisfied attention must inevitably 
be given to every possible refinement which adds to the safety of 
tranl. The cost of installing highway lighting is not excessive. The 
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annual cost of operation, however, in many cases would entail a 
charge equal to or greater than all other maintenance items of the 
highway. Because of this cost there has been a natural reluctance on 
the part of the State highway departments to approach th is problem 
at the present time. There is considerable question, however, whether 
we have not arrived at the time when the State highway departments 
of a considerable number of the States having highways carrying 
tremendous volumes of night traffic may well consider critically the 
necessity for lighting some of the highways solely from the standpoint 
of safety of operation. 
The placing of signs, signals and other traffic control devices is 
an essential part of modern highway design and operation. There 
must be developed absolu te uniformity with respect to all traffic con-
trol devices and signals applicab le alike to cities as well as to rural 
highways. The average driver of the automobi le is a careful driver 
and he should be given every reasonable opportun ity for safe travel. 
In approaching and passing through a strange city he should know 
where to look for traffic signa ls and not be exposed to the clanger of 
running past them because they arc located in some place peculiar 
to that city alone. Only recently an otherwise law-abiding and respon-
sible citizen living in a rather large city was responsible for the 
death of a pedestrian in another city because he ran past a red light 
at an intersection at which the light was located in a position entirely 
different from what he had been accustomed to in his home city. It 
was not a case of speeding or willful intention of vio lating the law. It 
was simply another case of the inevitable result of considering the 
control of traffic solely from the local viewpoint rather than from its 
broader national aspects. 
The whole problem of roadway design, including that of the 
incidental details which go to make up the completed picture, should 
be approached from the standpoint of providing a pleasing effect with 
a minimum of adornment or extraneous decoration. The elimination 
of all hard lines, the rounding of slope intersections, the drawing out 
of the slopes at the beginning and end of cut sections all tend to merge 
the construction into the adjacent topography. The scars of construc-
tion must be eliminated by vegetation or ground cover. Old aban-
doned roads must be obliterated and unsightly objects screened by 
the use of plantings. W c should not pay too much money for effects 
that nature will produce but we must endeavor to secure roadway 
structures and all appurtenances ·which are as pleasing to the eye as 
they are comfortable to travel. 
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An extremely important feature of highway design is encountered 
in providing highways approaching our larger municipalities. In these 
areas the highway is called upon to serve not only the travel which 
utilizes the rural sections but also that incident to the routine activi-
ties of these centers of population. The problem of traffic congestion 
is confined largely to such localities. Where there is traffic congestion 
there is of course the greatest risk of accident. Grades of intersecting 
highways in these areas ultimately must be separated to avoid un-
necessary delay in the movement of traffic. Where possible, by-pass 
routes must be provided so that the traveler not desiring to stop 
in the city may proceed on his way without the nerve strain and loss 
of time incident to traveling through the city. In effecting the 
entrance of necessary highway routes into cities there must be 
developed a closer cooperation between the State highway authorities 
and municipal authorities so that there may be complete articulation 
bet,Yeen rural and urban traffic. Highway traffic cannot continue to be 
dumped into the cities without providing adequate means for the dis-
tribution and movement of this traffic through the cities. An attrac-
tiYe urban approach to a city is a recognized asset, and every 
encouragement should be given to the proper development of such 
approaches by long-time regional planning. · 
The year 1935 witnessed a noteworthy achievement in the history 
of railway transportation. During that year for the first time during 
a century of operation of the railroads not a single revenue passenger 
was killed in an accident on a railroad train in this country. This 
accomplishment was not achieved by chance. It was the result of a 
definite policy of not omitting any detail of design, construction, or 
operation which makes for the safety of travel. While the railroads 
may have resorted to safety measures partly for monetary considera-
tions , i.e. the desire to attract traffic and to avoid payment of damage 
claims, nevertheless public highway officials cannot escape responsibil-
ity for the large accident rate on highways on the assumption that 
there are no such claims. The public as a whole pays. The estimated 
cost of highway accidents for the year 1934 including wages lost, 
medical expense, overhead, insurance, and property damage was in 
excess of one and one-half billion dollars. 
The railroads do not depend upon the intimate knowledge of the 
locomotive engineer of a section of railroad for the safe operation 
of the train entrusted to his care. Barring unforeseen natural causes, 
such as washouts, etc., the engineer knows before starting his run 
\Yhether extra precautions must be observed at any particular point. 
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Slow orders are posted on the bulletin boards and in addition signs 
are prominently displayed to reduce speed to a stated figure where 
necessary for safety of operation. We arc continua lly inviting out-of-
state travel to use our public highways and it is essential that every 
possible effort be directed toward making the highways safe fo r travel 
for those who arc not intimately fami li ar with them. We post bridges 
that are unsafe for legal load limits, but pay no attention to curves 
or other features that are unsafe for travel at lega l speed. The posting 
of bridges to indicate their safe capacity is a legislative requirement 
in many states. It is better to take the initiative in properly signing 
all parts of the road for safe operation than to be forced to do so by 
an aroused public opinion acting through legis lation. Curves must 
be signed for safe speed in such way that the signs wi ll be visible day 
and night, and all other sections where normal operation is impaired 
similarly must be treated. 
During the past twenty years of high\rny construction thousand:-< 
of miles of highways have been constructed which, measured by pres-
ent-day standards of design, arc inadequate and unsafe in part for 
the traffic which uses them. It is conscrrntively estimated that from 
25 to 50 per cent of the total highway mi leage constructed in this 
country during the past twenty years is in need of some degree of 
modernization. Complete modernization of this large mileage 'Yill 
require a long period of t ime and much money. Unti l it can be 
brought about, however, added safety can be provided by not omitting 
any detail which makes for safety. We must follow the same pro-
cedure that the railroads were progrcssin•ly forced to fo llow in attain-
ing their achievement of last year. 
The problem of modernization is particularly difficult because it 
is confined largely to highly-developed areas where the same latitude 
is not afforded the designer as in open country. The skillful handling 
of t hese cases calls for the highest degree of engineering judgment. 
and highway revenues must continue to be made avai lab le for high-
way betterment if our highways arc to be progressively advanced in 
standards adequate for traffic. 
(b) THEODORE PLACK'" 
In his paper entitled "Adequate Design Requirements for Present 
Day Traffic," R E. Toms, in his usua l forceful and able way has 
again given to road builders an outstanding manual for the concep-
tion of present and future safe higlrn·ays. 
*District Engineer, Dist rict 4, Illinois Di vision o f Highwuys , PPorin, I ll. 
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In his paper he has been able to crystallize the halting opinions, 
and form a firm foundation upon which we will be ab le to build far 
into the future. This paper with its crystallized present opinions com-
bined with the proven practices of the past, should be a daily 
companion and guide for a ll road-building engineers. 
The word "safety " stands out as one of paramount importance 
throughout the entire paper. The word itself or a reference to it occurs 
some thirty-five or forty times. This fact is particula rly gratifying, 
because the stressing of the word "safety" in relation to t he design 
of modern highways cannot, in my opinion, be overemphasized. It 
clearly shows the trend of thought which has a roused and even 
frightened the entire nation ; and, as a result of which, campaigns 
fo r the prevention of apparently needless loss of lives arc being carried 
on within every phase of human endeavor. 
A particularly noteworthy statement in Mr. Toms' paper says, 
··The cs cntia l elements that affect the adequate design of the road-
"·ay arc the speed, volume, width, length and weight of the vehicle. 
Other clements which must be taken into consideration a rc those which 
affect safety, comfort, and pleasure of travel." 
·without seeming to be unduly cri t ical, bu t rather to show an 
enthusiasm for the subj ect at hand , it is fe lt t hat safety, CYCn though 
referred to t he vehicle, should have been included as one of the 
essential elements that affect adequate roadway design. And, undoubt-
edly , should have headed or come first in this list of essentials. It is 
a bit difficult to deviate in any respect from that well-worn slogan of 
' 'Safety First." 
Unfortunately, when a pavement is built with a smoothness within 
the present limitations of one-eighth inch in ten feet t his surface 
cannot be depended upon to remain in such condition for very long 
after the pavement is open. At least that has been our experience in 
the past, apparen tly due to t he fact that suffi cient study has not 
been given to the foundation or sub-soil support. I concur most 
heartily with t he paragraph in the paper which says, "The answer to 
this problem has to do largely with the matte r of soi l mechanics in 
the improvement and utilization of methods for developing better 
sub-grade support under adverse conditions." 
Some rather limited investigations have been carried on in soil 
study and soil bearing power. Now, I believe, is the time when this 
phase of design and construction should be given unlimi ted support 
and carried to the best possible solution. Soi ls should be thoroughly 
inYestigated whether they are to carry t he permanent types of pave-
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ment or the so -called flexible types. It is sincerely expected that by 
this procedure adequate drainage can be provided, and the elimina-
tion of rough pavement in so short a time after opening can be assured. 
Experience has shown, according to the paper under discussion, that 
results can be expected even beyond normal anticipation. 
Rough pavement, however caused, is not conducin to safe travel, 
and any procedure for its elimination should be given undivided 
support by the design engineer. 
Concerning the large municipalities and their entrance and outer 
belt lines, Mr. Toms says, "The problem of traffic congestion is con-
fined largely to such localities. Where there is traffic congestion 
there is, of course, the greatest risk of accident. Grades of intersect-
ing highways in these areas ultimately must be separated to avoid 
unnecessary delay in the movement of traffic." He also places particu-
lar stress upon large city by-pass routes when he says, they "must be 
provided so that the traveller not desiring to stop in the city may 
proceed on his way without the nerve strain and loss of time incident 
to traveling through the city." 
One is particularly impressed by the reference to "nerve strain," a 
.forerunner to mental fatigue, which so often is the cause of a serious 
accident. Too much attention cannot be given any feature of design 
which, if neglected, unduly taxes the mental faculties of the automo-
bile driver. 
As a matter of fact, the very use of the automobile depends funda-
mentally upon the sense of sight. The highway engineer must then 
assume the responsibility of giving the operators of motor vehicles 
clear and unobstructed visibility. This must be done by providing 
proper sight distance on hills, proper sight distance on horizontal 
curves, long sight distance for passing cars , unobstructed cross roads 
and corners at railroad crossings, and even some lighting of high-
ways at night. With this accomplished the engineer has given the 
driver his chance of driving without an accident. 
One of the most nerve-racking and dangerous problems is that of 
the pedestrian on the highway, and this is especially true at night. 
All of us have had the experience of just barely missing a pedestrian, 
not once, but many times, and no doubt sometime we will be unlucky 
enough not to miss him. The records show that many a poor Yictim 
has not been missed. 
Mr. Toms aptly states that "sidewalks must be provided as an 
adjunct of highway design." While this fact has been known and 
accepted for quite some time our enthusiasm has been so Juke-warm 
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that very few have been built. When the designer considers the side-
walk-particularly near centers of population-as being of equal 
importance with the pavement slab, the bridges and culverts, the 
curbs and the drainage, then, and only then, will he have fully dis-
charged his duty. I hope Mr. Toms' paper will stimulate prompt 
action on our part in this particular respect. 
As a part of the completeness of this paper the aesthetic viewpoint 
has been given very serious consideration, includ.ing items such as 
highway landscaping and more especially the condition of the ap-
proaches to our cities. This is a serious matter to which too little 
thought has been directed. I really believe that a thoroughfare is at 
its very worst near the transition point on the edge of a city where 
the location is neither city nor country, and where the highway is 
neither city street nor country road. This condition seems to be 
universally true of all roads leading into most cities. 
First impressions are deep-seated. It is shameful to have a pleas-
ant memory of a beautiful country or city marred by the sight of an 
unkempt, disorganized area on highways at or near the outskirts of 
cities. Mr. Toms says, "An attractive urban approach to a city is a 
recognized asset, and every encouragement should be given to the 
proper development of such approaches by long time regional plan-
ning." I know that this is a big problem and a difficult one; no one 
seems inclined to attack it, it is too big. However, if it is never 
attacked, it will never be solved. 
Mention was made of the wonderful safety record accomplished 
by the railroads of the U. S. during the year 1935, with the comment 
that the wonderful results obtained demanded thought and effort 
on the part of railroad officials. Compare, if you will, that record with 
the terrible loss of life and property on our highways and streets 
due to the automobile, and it is easily seen why the entire country-
yes, the whole world-has been frightened and aroused. The world as 
a whole is demanding that something be done to stop this terrible 
carnage. As highway officials we cannot evade our responsibility. 
According to the best thought of today, the fundamentals of 
safety are the three E's-Education, Engineering, and Enforcement; 
to these there should be added a fourth-Enthusiasm. Engineering, 
according to this formula, bears in itself one-third of the total respon-
sibility. The matter then of safe design, construction, maintenance, 
and signing of these roads rests squarely upon our shoulders. 
In checking up on accidents and their causes I have been inter-
ested in two kinds. One in which there was not a single defect on the 
highway and the other in which there might be a contributing cause. 
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For instance, I have in mind one fatal accident which occurred on 
a long, straight stretch of highway with plenty of sight distance, and 
every part of which was in perfect condition and well signed. A 
drunken driver crashed into another car. In this case it is maintained 
that the engineer was not responsible. That is to say, the engineer 
had provided every known precaution and beyond that his respon-
sibility ceased. 
On the other hand, I know of a case in which four young people 
failed to follow a rather sharp reversed curve, and as a result they 
were killed. Oh! it was quite evident that there was whisky and 
a wild party, but I maintain that if no unusual curve had been in 
that road the chances are that these young people might still be 
living. 
Too often we take the stand that it is the driver's fault. It is 
true that quite often the driver is at fault. However, we engineers 
will be negligent in our duty if we do not attempt to remove every 
contributing cause, or potential contributing cause of accidents from 
the highways. 
I realize that such a condition would be a state of Utopia, and 
that as such it will never be completely reached; but most certainly 
we should try. 
Since all of the known hazards cannot- because of financial rea-
sons or otherwise-be eliminated at once, every effort should be made 
to properly acquaint the motorist with every dangerous situation. 
Simply marking dangerous curves, intersections etc., as such is not 
enough. It is my opinion that strangers arc not the people who have 
accidents at dangerous locations. It is the general user of the road 
that has the accidents- the one whose familiarity breeds contempt for 
the signs, and who knows just enough of the road to drive without 
signs. I further believe that momentarily he loses his sense of location, 
and with his thoughts diverted from his car, drives under guidance of 
his subconscious mind. 
Now the unusually dangerous sections of the highway must be so 
marked, both day and night as to be different and outstanding, in 
order that the marking will attract the attention of every driver. We 
must attempt to reach the subconscious mind. 
In conclusion, when the highway engineer has so designed, con-
structed, maintained, and signed the highways that there cannot be 
the least suspicion of his having left a contributary cause to an 
accident, then, and only then, has he done his part in the program of 
safety according to the three E's. 
XV. BUILDING SAFETY INTO THE AUTOMOBILE 
RALPH L. LEE* 
Whoever picked the word automobile as a name for the world's 
most popular means of transportation missed the bull's-eye a mile. 
For of all the mechanical contraptions devised by man, the motor car 
is the least automatic. Deprived of a driver behind its wheel, the 
motor car becomes so many pounds of material. In fact the motor car 
is a power-driven tool which, like a lathe, driJl press, shaper, or 
milling machine, depends entirely for its usefulness upon the knowl-
edge, experience and ski ll of its operator. Even th is ana logy is only 
appropriate in part, for it is possible for me to center up my work in 
the lathe, set my tool, select the proper feed, turn on the power and 
for a while at least busy myself with other matters while the work 
is being carried on and until the automatic stop prevents the cutting 
operation from going too far and endangering my work, my lathe, or 
myself. On the other hand, we cannot conceive of one single appli-
cation of the motor car in which the constant attention of the operator 
is not required. Even the widest, smoothest, straightest, and most 
completely deserted highway requires the undivided attention of the 
driver. The motor car therefore, as a mechanical device, falls into a 
classification all by itself- it becomes a pair of twelve league boots 
to be put on and worn as a part or extension of the body of the 
user and controlled through the nervous system by his brain. 
The motor car driver becomes the base line and starting point for 
motor car design, not only from a safety standpoint, but from every 
standpoint, and while it is true that physical laws run somewhat 
parallel to the user as determining factors of motor car design, the 
user by far must dominate. This fact, clue to its very obviousness, is 
frequently lost sight of when the motor car and its relation to traffic 
safety is under consideration. With this approach, the opportunity 
for building safety into a motor car becomes pretty well confined 
to two general categories: 
(1) Structural and mechanical dependability 
(2) Responsiveness to the will of the driver. 
The fact that such a small portion of motor traffic accidents is trace-
able to mechanical or structural failure is a good indication of the 
progress the motor industry has made in the direction of mechanical 
safety, particularly when we consider the millions of motor cars in 
*General :\1otors Corporation , D etro it , l\lichigan . 
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constant use under every conceivable condition of traffic, climate, 
weather, roads , and use. 
Laying aside for the moment any humanitarian interest in the 
customer or in public welfare, and looking at motor manufacturing 
as a purely commercial activity, it becomes perfectly obvious that 
even a small number of dangerous mechanica l or structural failures 
in a motor car could do more harm to the growth of the industry than 
could possibly be overcome by the most ingenious and skillful sales-
promoting activities. It is little wonder, therefore, that a safety factor 
far in excess of that required has always been the unwritten law of 
the motor industry. While this unwritten law has not been publicized, 
you may rest assured that, since the beginning of the industry , it has 
been the constant basic premise of everyone engaged in the design and 
manufacture of motor cars. I am sure vYe can truthfully say that the 
motor industry, through its insistent demand for stronger and more 
durable materials, has been largely responsible for the astounding 
advance made in metallurgy and the present wonderful array of 
light, strong, and tough materials. 
With the possible exception of the airplane, I doubt very much 
whether the materials used in any other type of structure, regard-
less of its importance to public safety, arc required to withstand the 
tests set up by the motor industry as guarantees against material, 
structural, and mechanical failure. If time ,,·ere to permit, I am 
sure you would be interested in the lengths to which the industry has 
gone and the methods and devices which have been developed for 
testing to the destruction point every vital member or unit inYolved 
in any way in the structural safety of the motor car. The car as a 
unit in our proving ground- axles , wheels, brakes, transmissions , steer-
ing mechanisms, frames, bodies- the parts of all these units , and 
even the materials from which they are constructed-all arc constantly 
being subjected to the severest testing punishment, and even more 
important , careful records arc kept of the results of these tests. It 
is only the size of the industry and the volume of production which · 
make such thorough safety testing measures possible. 
I am sure that we can all agree that sp lendid progress has been 
made by the motor industry in mech anical and structural depend-
ability of the motor car. In addition to safety under normal operating 
conditions, we have also progressed tmnud increasing the safety of 
motorists involved in collisions. Motor car frames haYe been rein-
forced and strengthened. Our modern steel bodies follow Yery much 
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the strong one-piece monocoque airplane construction, with the 
result that today the motor car as a unit will withstand accidental 
impacts and collisions of a much greater severity than formerly. In 
this connection, safety glass has come into general use. Door locks 
have been developed as means of preventing the accidental opening 
of a door while the car is in motion. Tires have been greatly improved 
-steering mechanisms have been developed to a point where tire 
blowouts are no longer the hazard they were in the past. Shielded and 
stronger gasoline tanks, located in the rear, reduce collision fire 
hazard to a minimum. All of these eyidence the seriousness with 
which the industry concerns itself with the safety of its patrons. 
There can be no question that, as time goes on and we learn more of 
what is required, further safety developments and improvements will 
be made in mechanical and structural safety. While we have only 
hit the high spots of this first and important part of the subject, time 
will not permit us to go further. Therefore, let us consider for a 
while what the industry has done to improve the responsiveness of 
the motor car to the will of the driver. In other words, what have 
we done to increase the controllability of the modern motor car? 
Let us consider speed for a moment. First, it is perfectly natural 
that speed be associated with danger, for there are fundamental rea-
sons why this should be. However, speed is a relative thing. In the 
light of modern rapid transportation, I cannot resist the temptation 
to recall the story of a meeting of medical men in Pennsylvania 
during the early days of railroading, in which it was unanimously 
agreed to recommend to the next state legislature that a law be passed 
prohibiting railway trains from traveling faster than 30 miles per 
hour, for, as these learned medics pointed out, a human being could 
not breathe >vhen traveling faster than thirty miles per hour. With 
the production facilities of the industry more than ample for supply-
ing present motor car demand, with competition keen, to say the 
least, you may rest assured that each motor car builder is bent on 
building the kind of a motor car the motoring public wants, for he 
knows that if he does not, and one or more of his competitors do, 
he will suffer seriously in loss of sales. For many years General 
:'.\Iotors has recognized the vital importance of knowing what the 
motoring public wants in its motor cars, and to this end has main-
tained its customer research staff, trained and devoted solely to the 
task of finding out and finding out accurately how the motorist wants 
his cars built. 
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As a result of numerous investigations which ban been checked 
and double checked, the following represents a list of the character-
istics voted for by the public, in the order of their desirability: 
(1) Dependability 




(6) Ease of Control 




I am sure you will note that speed is not at the top of the list. This 
information has been available to all General Motors divisions. ~ow, 
the point I wish to make is this. That we haYe neYer in the past tried 
and in the future arc not going to try to force do\\·n the throat of the 
public any motor car characteristic the public does not want, and 
particularly one which will endanger the well-being of our patrons. 
However, I am sure that you will agree that the engineering job of 
providing all the motor car characteristics we haYC just enumerated. 
in proper proportion and at a price within the reach of the aYcrage 
motorist, is one monumental engineering job of blending and compro-
mising. With the exception of Appearance, every single one of the ten 
characteristics asked for depends upon a power plant which, without 
straining, can comfortably and smoothly perform its task. ~o po,,·cr 
device can do this, working constant!~- at the peak of its capat:it~-. This 
being the case, power plants of sufficient capacity to provide quick 
get-away, hill-climbing abi li ty, quiet and economical operation, and 
long life, by the very virtue of these characteristics, is a lso bound to 
be capable of propelling cars faster than the average motorist cares 
to go or should go. Maximum possible speed, therefore, comes as a 
by-product of a sincere effort to blend the characteristics, specified by 
our customers, into a product of balanced values. Top speed is second-
ary to acceleration, hill climbing, and normal performance without 
strain. 
I doubt very much whether there is in existence today one single 
example of a means of transportation that is not capable of going 
faster than conditions, common horse sense, and safety will permit. 
Even a boy on roller skates is capable of going faster, under certain 
conditions, than he can safely go. So, may I say, here and now, that 
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we as motor car builders have no desire to tempt the motoring public 
into speeds which endanger their safety , and in turn, endanger our 
business. 
An ocean liner traveling one mile an hour can do considerable 
damage to itself and to its dock, if this extremely low speed is not 
checked in time. The ability to stop, therefore, is extremely impor-
tant to the safety of the passengers of any means of transportation, 
particularly the motor car. Today, with its four-wheel brakes and 
highly perfected brake actuating mechanism, one of our modern cars 
traYeling sixty miles an hour is capable of being stopped in the same 
distance as a 1928 car moving at only forty miles per hour. This great 
braking improvement has come about as the result of a long program 
of research and engineering and through the aid of many scientific 
testing devices and processes. At our proving ground in Milford, 
:.\Iichigan, where every condition encountered by motorists can be 
dup li cated, accurate braking tests are made and recorded. In General 
~Iotors R esearch Laboratories, with specially designed brake testing 
apparatus, brake linings and brake drums arc tested to the destruc-
tion point for wear and braking characteristics. Foot pressure in 
braking, under actual road conditions, is accurately measured. Com-
parative tests of different types of brake-actuating mechanism are 
also run-and behind all this, metallurgists and material analysts are 
constantly working to the end that more dependable, efficient , and 
durable brakes are provided. 
Steering, of course, is extremely important, for every minute a car 
is in motion the steering mechanism is in action. We have developed 
a steering dynamometer by which steering effort is measured and re-
corded as the car moves through a predetermined course. In this 
manner it is possible to establish standards of comparison for different 
designs. In addition, steering gears are subjected to severe break-
down tests through which faulty design and materials are quickly 
determined. 
You, of course, appreciate that we can only touch on a few of the 
Yarious activities being carried on in connection with each of these 
detailed subjects, but I would like to point out one very important 
advance in steering mechanisms. In the past, engineers were always 
confronted with the problem of linking the bouncing and jolting front 
axle with the relatively solid and steady frame to which the steering 
column was connected. In spite of all that could be done, the differ-
ence in the movement between these two resulted in one of two things: 
Either the steering wheel shimmied, or if held rigidly, the front wheels 
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shimmied. With independent front wheel suspension, it became pos-
sible to devise a steering mechanism which prevented road irregulari-
ties from transmitting shocks and shimmy through to the steering 
wheel. As a result of this improvement, the difficulties of driving 
through gravel, mud and sand were greatly reduced. I need not point 
out the bearing such an improvement has on safety. 
Since we are on the subject of steering, turns are logically sug-
gested. As engineers, you appreciate the existing relationship between 
the center of gravity of a motor car and its ability to negotiate turns 
safely. I am sure you will be interested in the method used at our 
proving ground for determining the center of gravity of a car. Imi-
tating Galileo's swinging chandelier in the Cathedral at Pisa, our en-
gineers swing a car as the weight of a huge pendulum, time the oscil-
lations, and through simple computations, establish accurately the 
center of gravity of the car in relation to the pendulum pivot and 
the ground. To the layman it would be difficult to connect a car 
riding in a swing with safety research, and yet, through such means 
as this, greater safety is built into our cars. 
While independent front wheel suspension and improved springing 
are usually associated by the public with increased riding comfort, it 
is an important safety factor also. Before these improvements were 
made, a sudden and unexpected stretch of rough road full of chuck 
holes was apt to throw the car out of control. Through proper weight 
distribution and more scientifically correct springing, our cars now 
cling to the road under severely rough surface conditions. This subject 
alone and its effect upon safety could well occupy all of our availab le 
time. 
Stabilizers have been developed which prevent centrifugal force 
on turns from tilting the body outwardly on its springs. Shock ab-
sorbers prevent disconcerting body bouncing. The physical effort re-
quired in operating the clutch has been greatly reduced over a long 
period of tests and improvements. Gears are shifted more easily. In 
fact , every single element involved in the control of the car has been 
the exclusive assignment of groups of experienced engineers special-
izing in that particular part of the motor car. 
However, in spite of all that has been done, we are forced back 
again to our original premise- the motor car is only a tool in the 
hands of its driver-it can do nothing by itself-every maneuver it 
makes must be executed under the control of its master. 
In view of the fact that practically every motor car maneuver 
is made on the basis of information received through the eye of the 
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driver, unrestricted vision has an important bearing upon motoring 
safety. Recognizing this importance, General Motors engineers have 
devised what I am sure you will agree is a very ingenious method of 
measuring the drivers' visibility. Taking the j)lace of the eyes of the 
driver are two brilliant incandescent electric light bulbs. The car 
being tested is in a dark room, facing a wall laid out like cross hatch 
paper. The lighted area of the cross-hatched wall accurately represents 
the range of vision of the driver. Through this means comparisons 
can be made, and starting points established for further improvements. 
Through improvements in ventilation, the windows and \\·indshield 
can be kept clear of steam and frost . Windshield ,,·ipers, as important 
aids to vision, get their share of testing and engineering attention. 
Headlights and the problem of eliminating glare occupy an entire 
di,·ision of our corporation. The engineering \\"Ork done on this stub-
born problem alone has been tremendous; several con fcrenccs the size 
of this one could easily be spent in bringing us up to date on this par-
ticular subject. And I would like to say that we arc greatly indebted 
to the Highway officials for the help they gave us in supervising the 
standardization of headlights and tail lights. 
Phy ical , mental and nervous fatigue all play a part in safety. 
While I have touched on a few of the developments which increase 
driving comfort, there are many of importance and of interest we 
cannot discuss at present. 
The inspection and maintenance of motor cars is a subject upon 
\\·hich the corporation has expended thousands of dollars and years of 
effort. You may rest assured that we arc very much interested in con-
structive efforts to keep the motor cars on our streets and highwa~·s 
in safe operating condition; we \\·ould be poor business men indeed 
if "·c were not interested. 
::\1y time is about up. I hope that I have impressed you with our 
sincere and active interest in this all-important motor traffic safety 
problem. \iVe, of course, are primarily motor car manufacturers. \Ve 
a re organized and trained for this purpose. We appreciate, of course, 
that the motor car itself is only one factor in the safety problem. As 
I have pointed out, the driver is a tremendously important factor, the 
highway a close second, and the 'other fellow', particularly when on 
foot, enters into the picture in a very definite \\'ay. Motor car design, 
safety education, highway engineering, traffic law making and la\\' 
enforcement, of a necessity, must operate together if our motor traffic 
rnfety problem is to be solved. 
One of the possible dangers to satisfactory improvement can be 
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the ignorance of specialists in one department of safety-promotional 
activity of the progress made in other departments, and a::; a result. 
an attempt to inaugurate new and untried safet!· activitic::; which do 
not have the benefit of years of actual experience. There is a lways the 
temptation to see the answers to problems we do not understand. 
Personally, I am afraid that, due to the apparent urgency of the 
present safety situation , too many activitie::; based upon incomplete 
and inaccurate information wi ll tend to neutralize each other, tire the 
publi c, and, even more important, cause safety measures to be put 
into effect which past experience has proved impracticable. For this 
reason, I believe that each group which is qualified by experience to 
handle a particular phase of the safety problem should stick to their 
particular kni tting, and, with greater zeal and energy, make the 
obvious improvements which experience has pointed out arc needed. 
Underlying a ll of these activ ities is the need which I understand 
exists fo r more complete and accurate data regarding our present 
safety situation. For it appears that, regardless of the particular de-
partment we are in , this basic information is necessary , and par-
ticularly so in the important work of coordinating the work of a ll 
departments. One bit of information stands out , in my opinion, above 
all the rest. The fact that the vast majority of motor traffic accidents 
involve not the habitual traffic la\\· offender. the ph!·sically or mental!!· 
deficient, the drunk , or the definitely reek.le""' but the respectable, 
ordinari ly careful, Jaw-abiding citizen, like you and me, who do not 
average over one accident every two years. This information, I under-
stand, was developed by the Massachusetts Institute of Technology 
from data provided by the State of Massachusetts which fortunately 
has kept complete and accurate accident rcrords over a long period of 
time. 
To me this fact explains much and scn·cs as a basic approach to 
our problem, particularly the educational problem. For if most of the 
accidents are caused by people who drive safe ly over a period of two 
years without an accident , then the largest proportion of these make 
thousands of successfu l and safe motor trips for periods of th ree and 
four years. 
What this means to me is that b!· virtue of the memory of 
thousands and thousands of safely completed t rips, the nry people 
responsible for the majorit!' of accidents arr convinced that it is the 
other fe llow who is the culpri t, and believing th is to be true, go rnerril!· 
on their way with confidence until the eventful day. 
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The problem would be so much simpler if statistics proved that 
lack of skill, ignorance of the laws of the road , or disrespect for these 
la\YS \Ycrc largely responsible for accident::;. \V c could attack the 
problem specifically on nry definite front:;. However, due to the 
safety with which the vast majority of driving is done, and the well-
developecl skill of the average driver, we cannot preach down to him 
and bore him with endless repetition of the elementary driving rule::: 
he has known and used fo r years. We mu:;t approach him as though 
he intended to do right. We must provide him ,,·ith impersona l and 
factual data, proving the fo lly and danger of needless hurry and speed . 
\Ve must impress him with the ever-present opportunity for combi-
nations of circumstances never before encountered, which a rc bound 
to result in danger . 
In other words, in my opinion, we must select a few ba:,,ic objec-
tives for our educationa l act ivi ties- concentrate our energies along 
:-:imple lines rather than spread and dissipate them over every deta il 
in this nry complicated subject. The base line for our sa fet~· rr-
~earch and our programs of safety acti,·ities mu::;t be the man ,,·Jio 
~its behind the wheel of the motor car. He is the determining factor, 
and around him we must build our motor rar::; , our higll\ntys, our 
traffic laws, and our traffic enforcement. 
XVI. THE RELATIOX OF VEHICLE INSPECTIOK 
TO HIGHWAY SAFETY 
G. E. W EAVER* 
No other device has been offered to the American public that has 
been manufactured \\·ith greater precision and is more bcautifull~· 
designed than the present-day motor vehic le. Failure of material has 
practically disappeared. 
There has been an amazing improvement in roadability through 
proper weight distribution, suspension, and tire design. Perhaps most 
important of all is "finger tip" steering and more powerful brakes, 
\Yhich lessen driver fatigue and promote safct:·. In general, the car of 
today, from a safety standpoint, is far ahead of the driver and the 
highway. The public should commend the manufacturer for the ex-
penditure of millions of dollars annua lly to produce CYen greater 
driver comfort and safet:·. 
So far as the vehicle is concerned the ke.v to safety appears to lie 
not so much in the primary safety features of a ne\\" vehicle, but in 
the degree to which the owner maintains the various parts so that the:· 
may retain in a reasonable measure their original efficiency. 
That a well-maintained vehicle contribu tes to safety on the high-
'rny is evidenced by the fact that a ll large fleet operators recognize 
that maintenance and safety go hand-in-hand. They pay dearly for 
their accidents in settlement costs , operating interruptions, and 
lowered efficiency. Every operator knows that hard steering, weak, 
squealing brakes, poor headlights, and a generally ramshackle vehicle, 
cause fatigue in the best drivers and form a reasonable driver excuse 
in case of accident. 
A survey by a Kell-known publisher showed that in nearly every 
case those bus and trurk companies having the worst accident record 
are those whose vehicles plainly show that the management is not 
even on speaking terms with "maintenance,'' and it is generally recog-
nized by fleet operators that proper upkeep promotes safety as well 
as prolonged li fe of the vehicle. 
Since fleet owners ha,·e recognized that maintenance and safety 
are closely allied , should we not expect that better maintenance of the 
vehicles in the hands of the public should likewise produce safer con-
ditions on the highway? 
Vehicle condition is said by some authorities to be directly or 
indirectly responsible for about 15 per cent of all accidents. It must 
*Vice-President , \Veavcr 1\Tunufacturing Compnn.v, Rpringficld , 111. 
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be remembered that facts regarding accident causes are hard to find, 
particularly as they relate to the condition of the vehicle. In serious 
accidents the evidence regarding the vehic le is often obliterated, and 
few accident investigators are qualified to ana lyze the car to deter-
mine whether defective brakes, defective steering, defective vision or 
other details prevented the driver from yielding the right of way to 
the pedestrian or to opposing traffic. 
In the same manner in which the state is responsi ble for the safet:-' 
and health of employees in industry, it must recognize and extend it:S 
responsibility to our streets and highways. 
SeYcraJ states and cities have long recognized that vehicle con-
dition is a large contributing factor in accidents and have set up a 
s:-·stem of vehicle inspection. The States of Massachusetts and Pcnn-
syh·ania have pioneered in a system of semi-annual inspection through 
appointed garages who make the inspections, do the necessary cor-
recfo·e work, and certify the vehicle. There was much merit and little 
objection to this system in its inception in 1928 when the inspection 
of headlights was emphasized, but with increased car registration and 
higher speeds there is a demand for inspection on a higher and more 
uniform standard- impractical under this system. This is due largely 
to improperly trained mechanics, and the tendency to certify cars of 
friends and good customers without adequate inspection , and to de-
mand unnecessary and expensive repairs of the stranger or casual 
customer. 
Much of the objection to the certified garage plan of inspection is 
clue to the fact that political pressure often dictates the appointment 
of unfit stations and protects them from discipline after they are ap-
pointed. Due to the Jack of uniformity in both equipment and person-
nel and more often to personal considerations, vehicles which arc 
rejected in one garage are passed in exactly the same condition in 
another; this all leads to wide-spread public disrespect for this 
method of inspection. 
The States of Delaware and Connecticut have a modern plan in 
"·hich the state sets up its own stations, uniformly equipped, and 
manned by state employees; any vehicle which does not meet the easy 
standards imposed may be taken by the owner to any garage of his 
choosing, or he may do the necessary repair work himself and return 
the car to the bureau for retest and certification. This plan has much 
greater public acceptance because it can be more uniformly and justly 
imposed and at less cost to the public than the plan of certified 
garages. The cost of operation to the State of Connecticut is about 
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60 cents per car per year for two inspections, with the stations open 
every business day so that any motorist may appear at any time to 
check on the condition of his vehicle. 
Requiring every owner or operator to present his vehicle for in-
spection periodically at city- or state-owned and operated stations 
provides the only known practical means for a face-to-face contact 
with trained inspectors from whom he ma~· receive driving education 
and safety influence. This contact with the driver is paramount be-
cause the great preponderance of accidents are the direct result of the 
man behind the wheel and the pedestrian. Any other method of reach-
ing the driver for training is insignificant. Every safety engineer 
knows that our major problem today is how to educate the driver. 
In cities and states where inspections are made by public em-
ployees using scientific equipment, it has been found that on easy 
standards 25 per cent of the cars tested haYe brakes that give less than 
60 per cent of the braking effort originally built into the machine; 
15 per cent are rejected for faulty steering, and 30 per cent for light-
ing equipment; and other miscellaneous items such as horns, vision, 
windshield wipers, tires, etc., provide rejection of from 4 per cent to 
10 per cent. 
The relation of vehicle condition to traffic accidents appears to 
be found in the fact that both Pennsylvania and Massachusetts have 
consistently shown lower accident frequency than other similarly 
situated states which do not have adequate inspection. Delaware with 
its 3 years of state-owned and operated inspection, has an enviable 
highway accident record. 
Connecticut, with its six months' experience in state-o\rncd and 
operated vehicle inspection, has shown most satisfactory results. In 
August 1935, when the inspection program was getting under way, 
there were 46 more fatalities for the year than for the same period 
in 1934. From September to December, 1935, this alarming increase 
in fatalities was reversed, and the year closed with fatalities on a par 
with the previous year, but non-fatal accidents were much fewer. 
Evanston, Illinois, which has a system of city-owned and operated 
vehicle inspection, showed in 1935 the remarkable decrease of 75 per 
cent in fatalities. Evanston, however, is not only doing an efficient 
job of inspection, but emphasis is placed on driver education through 
personal contact at the inspection bureau. 
In 1934 only 11 per cent of the fatalities and 35 per cent of all 
accidents in Evanston happened in connection with out-of-city drivers 
and vehicles; while in 1935, 100 per cent of the fatalities and 45 per 
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cent of all acc idents happened with out-of-city driYcrs and vehicles 
not subject to inspection influence. These results appear to show a 
marked improvement in accident frequency among local drivers since 
the inception of the Evanston Inspection Bureau. 
:\Iemphis, Tenn. , where semi-annual vehicle inspection , operated 
by the city, was first used has shown outstanding results which have 
attracted universal interest. In two years of operation there has been 
an increase of 17.6 per cent in car registration in the city, and 
based on registration there has been a decrease of 25 per cent in 
fatalities, and an astonishing decrease of 51 per cent in non-fatal 
accidents. 
An interesting analysis of Memphis accidents for 1935 showed that 
41 per cent of all fatalities, and 25 per cent of all non-fatal accidents, 
happened in connection with out-of-city cars which were not subject 
to inspection. These results seem to point directly to the inspection 
bureau as a means of greatly reducing all accidents. Unofficial re-
ports from insurance companies indicate a marked decrease in 
personal injury and property damage claims. 
" 'herc\·er inspection is operated on the Memphis plan there has 
been excellent public acceptance, and a survey indicates that fully 
90 per cent of the car owners welcome an official inspection rather than 
haw a garage, with direct commercial interest in the Ychiclc, make 
the inspection and certify the car. The plan also leads to great 
impro\·erncnt in the quality of garage service through the re-inspec-
tion priYilcgc. 
HO\\" inconsistent we are in requiring the inspection for safety of 
railroad equipment , steamships, aeroplanes, elevators, smoke stacks, 
etc .. and ignoring our own high speed vehicles that operate under con-
ditions more conducive to disaster! 
If we are to make a reduction in our ever-increasing accident toll, 
enforcement will continue to have a high place, but engineering and 
education arc great potential factors that haYc proYcn possibilities 
in modern official inspection. 
XVII. PROMOTING HIGHWAY SAFETY 
EARL J. REEDER* 
The purpose for which we build highways is vehicular transporta-
tion. Modern day transportation does not require merely that persons 
or goods shall arrive at their destinations sometime; it requires that 
they shall arrive when they are needed there or want to be there. 
Furthermore, it requires that they shall arrive in the condition in 
which they are needed or in which they want to be. It involws 
distance, time, and condition. 
Last year 36 400 motor vehicle deaths in this country interrupted 
or completely frustrated attempted transportation. One million hYo 
hundred thousand personal injuries did their part further to disrupt 
transportation. Four to five million accidents which involved only 
property damage contributed to unsuccessful conveyance of persons 
or goods. At least seven million trips were thus affected. 
This is too great a price to pay continuously for high \\'ay trans-
portation, important as it is in our social and economic system. It 
must be reduced. In 1935, 68 per cent of the traffic fatalities occurred 
on rural highways or within municipalities of less than 10 000 popul a-
tion. These totaled 24 600 motor vehicle deaths. Whereas we used 
to think of traffic sa fety as mainly a municipal problem , no\\· we see 
it as mainly a problem of the rural highways . 
A few years ago we were lifting traffic out of the mud by building 
paved roads which wou ld enable those who used the rural highways to 
do so at any time of year. That was when speeds were lower and 
vehicles fewer. Now, with the development of higher-po\Yered and 
higher-speed vehicles, the traffic problem has shifted from " lifting 
traffic out of the mud" to "keeping traffic out of the ditch." 
There can be perhaps no greater disappointment to the high\YaY 
engineer than to sec a new highway start taking a toll of deaths and 
injuries the clay that it is opened to traffic. In a recent article in the 
American Magazine, Governor Harold G. Hoffman , of New Jersey, 
told how the Pulaski Skyway, which has no intersections at grade 
and which has not only li fted traffic out of the mud, but has put it 
many feet above the mud, still has its serious accident hazards and 
its bad accident experience. Many another highway, supposedly well 
designed, has produced the same results. 
Does this mean that highway improvements arc umrnrrantecl , and 
*Traffic Engineer, National Safely Council. 
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that we were better off in the mud in the middle of the road than in 
the ditch beside it, if either is necessary? Or does it mean that the 
impronments have not been what we thought they were going to be 
,,·hen they were designed and constructed? Let us examine this 
question of a safe highway to see what are the obj ectives for which the 
highway engineers should strive. 
Accidents a re not uniformly distributed along the highway, not 
eYen in proportion to the volume of traffic. Rather, a spot map may 
show a curve off from which vehicles occasionally run from a certain 
direction. It may show an intersection at which right angle collisions 
bel\Yeen vehicles from a certain pair of directions a re common. It 
may reYeal a hill-crest on which head-on collisions occur. It may show 
a section of street along which pedestrian accidents a rc frequent. It 
may show some of these locations with accidents common at night 
although none are experienced in the daytime. It may even reveal 
sections of a highway in which head-on collisions are frequent 
although the road itself is fairly straight and level. 
On the other hand, there may be miles of highway carrying the 
nry same traffic as these dangerous sections which have no accidents 
or. perhaps, only scattered ones, with no two occurring at the same 
spot. Wh at is the difference between these miles of accident-free 
highway and t he few hundred feet of curves, intersections, hill-crests, 
or resort sections which have many accidents? It can only be that 
these locations contain elements of unforeseen hazard , conditions which 
confront the driver unexpectedly, and which are such radical de-
partures from t he conditions which he has been experiencing o the 
same highway, that he does not recognize them in time to prevent 
accidents. 
It is to be expected that so long as there arc imperfect vehi cles or 
imperfect drivers some accidents may occur a lmost anywhere a long 
the highway due to driver or vehicle fa ilure. A driver, overcome by 
fatigue, is as apt to fall asleep and run off the roadway and collide 
,,·ith a culvert head or a telephone pole on a straightaway as on a 
cun·e. Alcohol may as readily take its victim across the centerline 
fo r a head-on collision on a straightaway as run him off t he road on a 
curve. A blow-out or a broken steering gear is as apt to occur on the 
many miles of level tangent as on the few miles of curves or hills. 
Of course, the road is not normally to be charged with the re-
sponsibi li ty for accidents of this type. They are distinctly departures 
from the normal practices of normal drivers, which cannot be foreseen 
in the de ign and construction of the highways. They may form an 
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irreducible minimum (using the term libera ll y) beyond whi ch the 
highway cannot practica lly go in safegua rding its users. H o\YeYcr , 
where accidents group in simila r circuim;tanccs in a single loca tion or 
a limited section of a highway, it is cYiclcnt that more than man 
failu re or vehicle fa ilure is involved, and t hat \\·c must look fo r the 
condit ions whi ch cause such grouping. l\Cay we not say, then, that a 
safe highway is one on which there a rc no high acciden t loca tions or 
sec tions ? Or, may \YC not say that t he sa fe higl1\rny is one at no 
poin t of which there is a signi fica nt acc ident pattern whi ch indica tes 
some distinguisha ble proneness to accident'? 
If we accept this defini t ion, t he job of the higll\nty des igner is one 
of providing a highway which is free from unexpected clange rs t hat 
may produce high accident locations. It is one of producing a high-
way a long which the driver docs no t have to drive too mu ch in blind 
fa it h th at nothing is going to happen to him unexpectedly. or course, 
we do drive a lot on faith that other drinr:; a rc going to do 11·hat \YC 
expect them to do. When we meet a ca r fro m the opposite direction 
we expect t he dri ver to stay on his own side of the road, and \YC look 
for no sudden occurrence like a blowout or a broken steering gea r to 
di ver t him suddenly into our path. 
Sometimes our confidence is mispl aced and a colli sion occurs, bu t 
collisions a rc not nearly so likely to occur when dri vers can sec each 
other coming, as 1Yhen t he \·icw ahead is obstructed. Th e job of de-
sign, then, is not only one of making sure that the road is wide enough 
to carry t he t ra ffi c a nd t hat t he curves a rc properly supcrclcrntecl to 
take care of t he prevailing speeds. It is, a:; well , a matte r of making 
sure t hat if the driver cann ot pl a inly sec everything that may no r-
mally enter his path, he sha ll be proper!~· 1rn rncd. 
Unfortunately, t here is much yet to be lea rned about the actua l 
clanger points on ru ra l highways. This has not clcvc lopcd nea rly a::; 
ra pidly as t he gathering of t he same in fo rm ation about c i t~· stree ts. 
There is need fo r research on the par t of highway engi neer::; in t heir 
own jurisdictions to determine fro m study of t he accident records what 
kinds of locations have had bad acc ident experien ce. This is not a 
mat ter of go ing out to decide t ha t thi s location or t hat looks danger-
ous; it is, rather, a ma t te r 0 f study ing the acc iden t records 0 f each 
high acciden t location to fin d out wh at condit ions caused t hat experi-
ence. Then , in subsequen t highway design, sirni la r condi t i on ~ can be 
avoided . 
This requires a compulsory accident report ing la w in y our state, 
requiring a ll accidents involving deaths or persona l in jury or property 
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damage to an apparent extent of $25.00 or more, to be reported. 
Illinois is fortunate in having recently passed such a law, but the 
]O\Yer limit of severity excludes a ll accident:; which involve property 
damage only . This lower limit ought to be reduced to include a ll ac-
cidents " ·ith apparent total property damage of $25.00 or more. How-
e\·er, we must not a llow inadequate reporting to frustrate our use of 
accident records, for we must use what we can get until more com-
plete reporting makes a greater percentage of the total avail able. 
Thi i:; approach means maintaining an accident spot map or other-
11·ise pro\·iding a means of visualizing the distribution of acc idents 
owr the different streets and highways within the jurisdiction. When 
four acc idents accumulate at a single highway intersection or within 
one thousand feet along a highway within a year or less, a significant 
accident pattern likely exists, and a co llision diagram should be pre-
pared, showing by lines on an approxinrnte sketch of the intersection 
or section of highway, the directions of movement of the vehicles and 
pedestrians involved in the accidents and the locations of any fixed 
object:; which figured in them. Then, by taking the collision diagram 
to the location and examining the physical conditions and observing 
the practices of drivers and pedestrians, the causes of the accidents 
can be determined. 
It may be desirable to prepare a condition diag ram to a scale of 
approximately 30 feet to the inch , showing the most significant 
features of the highway and its immediate surroundings, from the 
standpoint of accident causation and prevention. The collision and 
condi tion diagrams, then, show the problem and the conditions govern-
ing it so lution. By comparing these diagrams for several different 
locations, the similarity of accident experience and conditions can be 
obserwd for use in the design of other higlrn·a>'S, and in making high-
\rny changes to avoid such conditions. Each location t hat is studi ed 
is ju tone more step toward an understanding of the highway accident 
problem \1·hich will make the prevention of accidents more full>· 
possible. 
As fa r as possible, hazards should be fo reseen in the original design 
and construction of the highway , and they should be eliminated when-
ewr possible. If they cannot be eliminated they should be so un-
mistakabl>· marked that no normal driver can fail to be adequ ate ly 
\\·arned. :\ow, what arc some of the typica l problems and the ap-
proaches to their solution which we now recognize? 
P erh aps t he most frequently encountered point of potential hazard 
on the highway is the intersection . At lower speeds than we now ha\·e, 
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many intersections were not hazardous. However, the distance that is 
travelled while a driver is sizing up the intersection which he is ap-
proaching, is proportional to the speed, and the stopping distance after 
he determines that he has to stop or slow down, is proportional to ap-
proximately the square of the speed. Hence, at present speeds many 
of these formerly safe intersections are now extremely dangerous. The 
critical speeds for intersections can be determined and the view ob-
struction should either be moved back to the line of necessary clear 
sight for the anticipated speeds, or the minor highways should be re-
stricted by stated speed, slow signs, or stop signs as required, to cor-
respond to the speeds which prevail on the main highways. 
In most states certain classes of highways legally become through 
highways at which all drivers must stop before entering, but I question 
whether we shall continue to install stop signs at such points regard-
less of the necessary speed restrictions. I believe that, rather, we shall 
come to the day when even along such highways we shall require no 
greater restriction of speed than is necessary for safety in terms of the 
conditions at each point. 
There are, sometimes, "wide open" intersections of high speed high-
ways at which very severe accidents occur. We are inclined to con-
demn the drivers in such accidents for utter recklessness in failing to 
slow down when they could see cars approaching on an intersecting 
highway several hundred feet away. However, such accidents con-
tinue to occur, and we have not yet solved the problem. I am not 
convinced that stop signs are necessary at every such point; nor are 
stop and go signals necessary at many of them. There is some de-
terminable principle of driver performance which should govern us in 
computing maximum permissible speeds under such conditions. I am 
convinced that it is a function of the driver's appreciation of the rate 
of his approach in one direction in relation to the rate of another 
driver's approach in an intersecting direction, but I do not yet know 
what that function is. 
The problem at the intersection is one of enabling drivers who are 
approaching on intersecting highways to understand adequately the 
conditions governing their approaches and to act in accordance. The 
extreme of intersection treatment is grade separation, but thousands 
of intersections will go without such treatment and will have to depend 
upon driver understanding, with proper aids for safety. 
Another point of potential proneness to accident is the curve. One 
cause is inadequate superelevation of some curves to accommodate 
prevailing speeds. Different jurisdictions have different practices in 
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the design of curves, but one general principle should govern the ap-
plication of these practices, and that is that curves should be designed 
for the . prevailing speeds of the adjacent tangents unless the critical 
speeds for which they are designed are properly marked on signs 
which are always visible to all normal drivers. Centrifugal force is 
not the only accident hazard on curves. Visibility is quite as im-
portant. A car standing on a curve, a wagon moving slowly along it, 
or some object lying on the pavement, may mean a wreck if there is 
not at all points along the curve sufficient clear view ahead to enable 
the approaching driver to react to wirnt he sees and bring his vehicle to 
a stop from the maximum speed for which the curve is otherwise 
designed. If such a clear view cannot be maintained because of ob-
structions which cannot be removed, the restricted view rather than 
the superelevation of the pavement must govern the critical speed of 
the curve. If, from either standpoint, the curve or its surroundings 
cannot be designed for the prevailing speeds of the adjacent tangents , 
a properly located stated speed slow sign should announce the critical 
speed to every driver. 
Another hazard at curves is the possible failure of some drivers 
to follow the road because they do not distinguish it from the sur-
rounding conditions, particularly at night. A distinctive center line, a 
vividly-marked pavement edge, a guard-rail, or special lighting may 
give the driver the necessary information, but some such device is 
required to make sure that he has no question as to where he should 
go. An ordinary curve sign may not be adequate. 
Every hill-crest is a potential point of hazard unless the change in 
grade is so slight that drivers from opposite directions can see a 
distance equal to the sum of their reaction and stopping distances at 
the prevailing speeds. In approaching a crest the driver may not be 
able to tell whether the change in grade is very slight or is great 
enough to obstruct his view of vehicles coming from the opposite di-
rection. However, he may assume that this particular crest is no more 
of an obstruction of his view than any other that he has passed unless 
he is adequately warned to the contrary. The idea of a distinctive 
center-line to show the zone adjacent to hill-crests within which there 
should be no passing has undoubtedly been effective in reducing ac-
cidents at such points. Eventually, we may do more of separating the 
roadways in opposite directions at such points on the important high-
ways, or we may widen the roadways at such points and, possibly, at 
curves to permit of passing without crossing the center-line to do so. 
Sudden changes in road widths, converging four lanes into two, or 
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six lanes into four, are al o conditions of potential hazard if they are 
not properly marked. Even in the daytime, it is not always easy to 
determine where one lane of the pavement suddenly ends and the 
gravel shoulder begins, and at night it is almost impossible for anyone 
to distinguish between the two, particularly at normal highway speeds. 
Every such change in pavement width should be so unmistakably 
marked that every normal driver will be adequately warned. 
Pedestrians on the rural highway create an accident problem. It 
is not unreasonable that pedestrian walkways should be built along 
places where they are neces ary to. provide comfortable and safe places 
to walk away from the pavement itself, wherever there is a sufficient 
number of pedestrians to warrant them. Such places are most apt to 
be in unincorporated suburban areas, near large rural schools, in the 
Yicinity of summer resorts, and at other places where pedestrians are 
many. 
Another type of location where the pedestrian is very much "out 
on a limb" is the road which carries dense, high speed traffic across 
a marsh or swamp with very narrow shoulders on either side of the 
paYement. Still another type of location of similar hazard is a bridge 
that is no wider than the normal requirements of vehicular t raffic. A 
separate walkway across any such place would be most welcome to 
those pedestrians who must stand barely off the pavement while a 
dozen cars pass, or must hold their ground on the pavement at the 
risk of death to themseh·es and the passengers of the cars which they 
may force to the other ide of the road. There is a great need for 
a limited mileage of rural highway sidewalks in carefully selected 
locations. 
Dense traffic in opposite directions on an undivided highway pre-
sents the serious risk of head-on collisions. At night, also, it presents 
the problem of headlight glare. Passing in opposite directions at a 
normal clearance of only two or three feet, it requires but a slight 
deviation from one lane to throw a car into the opposing one and not 
only pile up two but perhaps three or four cars as a result. 
The day of divided highways is not far ahead for main thorough-
fares carrying two or more lanes of traffic in each direction. The 
physical separation not only prevents head-on collisions, but it also 
somewhat relieve the problem of headlight glare by more widely 
separating cars from opposite directions. The higher the speed on 
such a highway the more important is the separation of roadways, for 
the severity of accidents increases more rapidly than the speed. Like-
\Yise , the seriousness of the slightest lapses of attention by the driver 
is greatly increased as the speed increases. 
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No discussion of rural highway safety could be considered at all 
complete in this day without reference to highway lighting. As in the 
case of highway sidewalks, safety does not yet require that the total 
mileage of this type of improvement shall be anywhere nearly the 
total mileage of rural highways in the country. However, like high-
way sidewalks, highway lighting is extremely important at certain 
critical points where accidents of a type which lighting can prevent 
have commonly occurred. 
The highway lighting industry is making progress in the determi-
nation of the kinds of locations which are hazardous in darkness. This 
is a matter of relating the need to the accident experience. From the 
standpoint of accident prevention, highway lighting is needed only 
where accidents of a type which could be prevented by lighting occur. 
Of course, when these points become sufficiently common or are suf-
ficiently close together, the lighting should be extended over the entire 
ection of the highway containing these points to avoid frequent eye 
adjustments to intermittent sections of light and darkness. 
Where highway lighting is needed it is apt to be the only solution 
for the accident which it can prevent. The problem is to identify 
those locations and to place that lighting at such points. For other 
reasons than accident prevention this necessary lighting may be much 
elaborated or extended over a considerably larger zone, but that is 
not the function of accident prevention. 
These are some of the outstanding problems of highway safety. 
Running through this entire discussion has been the importance of 
keying the safeguarding of the highway to the demonstrated hazards 
of its use. Until that is done we shall have many cases of attempts 
to prevent accidents which would never have occurred anyway, and 
many other cases of safe-looking locations developing accident records 
of serious proportion with nothing being done about them. 
The paradox of accident prevention is that accidents seldom occur 
where drivers can readily see the dangers ·and understand what to do 
about them. They do occur where an appearance of safety fools 
drivers into believing that they can proceed as they have been doing, 
in safety, only to find that unexpected hazards confront them. I have 
said that there is much need for research in this field, and that this 
is largely to be done by individual highway departments , either state 
or county, from their own accident records and accident prevention 
experience. Its purpose is to determine the specifications of high 
accident locations so that we need not continue to await the develop-
ment of a bad accident experience before determining what can be 
done to avoid it. 
XVIII. HIGHWAY SAFETY IN OUTL YI G AREAS 
C. w. ROTH" 
Much has been done in the last couple of years to promote high-
way safety on the State Highway Department trunk line systems 
as well as on the State-aid roads, by widening curves, constructing 
overheads and subways at grade crossings, installing reflex signals 
at intersections, dangerous curves, narrow bridges, and hills, and by 
a great many other improvements with which we are all familiar. 
Regardless of all of these improvements there were many killed and 
injured in auto accidents on highways and in cities last year. 
Beginning this year, there is quite a campaign on to make the 
motorist "safety conscious." The newspapers, magazines, and the 
radio carry the slogan "Drive Safely." In the schools the pupils are 
being taught "safety fir t." The Farm Bureau through their safety 
clubs are doing much for the agricultural people. 
There seems to be something in the make-up of a great many 
people that causes them, when they get behind the wheel of a car, 
to lose all respect for the rights and safety of others. They would not 
crowd you or me off of the sidewalk when we meet them on the street, 
but when they get behind the wheel of a car they seem to assume the 
attitude of "let the other fellow worry." 
In my opinion, a great deal can be done in every township in the 
counties, with the cooperation of the county superintendent of high-
ways and the highway commissioners, to promote highway safety, and 
at the same time to beautify the highways. 
With the safety of the driving public in mind, I am going to out-
line a few of the major road hazards and a few suggestions as t<? the 
elimination of these hazards. 
(1) Road intersections with obscured view can be made much 
safer by the removal of high hedges, tall corn, weeds, shrubbery, 
trees, and signboards. In erecting new schools or township buildings, 
they should be placed 100 feet or so back from the highway. The 
intersection probably could be widened if traffic is sufficient. 
(2) Many bridges and culverts are too narrow, and should be 
widened. Many do not have bannisters and guard rails. These safe-
guards should be installed and painted white. Weeds and brush which 
hide headwalls and bannisters should be cut. Many approaches to 
bridges and culverts are improperly graded, either too high or too 
low. Narrow grades without guard rails should be so protected. 
*Sheriff, Champaign County, Urbana, Ill . 
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(3) Dead end roads or abrupt turns should all be marked properly 
with reflex signs. They should be graded wider than usual. Warning 
signs should be placed back from corners and kept clean of weeds and 
willows so that they may be readily seen. 
( 4) Many roadways are not graded wide enough in places to 
allow for the pas ing of cars and trucks with loads. Many are too 
abrupt at hills, railroad crossings, etc., thus giving sight distances 
entirely too short. 
With the perfect cooperation of all law-enforcement agencies and 
the highway officials in the relentless efforts to eliminate all traffic 
hazards on all highways and public thoroughfares, we are on our way 
to reduce traffic fatalities. 
Here in Champaign county, with the cooperation of the Board of 
upervisors, we have added two deputy heriffs for night duty, pri-
marily to afford protection to the farmers against thieves, and for the 
protection of the merchants in the towns over the county. These 
officers, since their appointment on September 27, 1935, in five months 
have arrested 19 drunken drivers, resulting in the collection of 
1558.45 in fines and costs with six cases still pending. Accidents 
have been on the decrease in the past several months. There were 
fourteen deaths in this county in the year of 1935 as the result of 
auto accidents. This year, so far, we have a clean slate, and sincerely 
hope that it may continue to be so throughout the rest of the year. 
The tate police radio system will be another effective weapon in 
combating highway accidents and promoting safety even in outlying 
areas. Hit-and-run driver are going to experience a rather difficult 
time in escaping. Drunken drivers will be readily apprehended when 
properly reported. When the state police radio system has been com-
pleted and placed in operation, the cars of the sheriff's force of this 
county will also be equipped with short wave radio in order that they 
may get radio reports a they are broadcast by the state police system. 
Scientific study of accidents and hazards, the education of the 
driving public and the cooperation of the law-enforcing officials, will 
reduce traffic fatalities on the county and township roads, just as it 
will in the city or on the state highways. 
XIX. ILLINOIS HIGHWAYS AND THE W.P.A. 
ARTHUR R. LORD* 
Education, health, prosperity, and happiness travel the surfaced 
highways of Illinois. At least they travel faster and further when the 
highways are surfaced. A very persuasive exhibit in support of this 
thesis can be readily made by superimposing the i:naps showing 
literacy, prevalence of diseases of many kinds, value of farm crops, 
etc., on the map of farms located on improved roads, all as prepared 
by the Illinois State Pla~ning Commission. A few hundred miles of 
travel over all sorts of Illinois roads will afford visual evidence of this 
relationship, which is also readily supported by elementary reasoning. 
If the W.P.A. in Illinois has any one slogan to express its aims and 
hopes, it is "Good Roads to Market. " Over fifty per cent of our man-
hours and dollar are expended on street and road betterments. I 
should be happy to see the percentage rise to 75 or even 80 per cent. 
The fact that Illinois already has a system of state and county roads 
that can hardly be matched in any equal area of the earth's surface, 
makes the job of "feeder" road construction a particularly profitable 
enterprise for W.P .A. In this state it is not necessary to build roads 
forty or fifty miles long in order to tie together our farms and our ex-
isting hard roads. W.P.A., with it uncertain tenure of li fe and funds , 
can jump in and clean up a stretch of from five to twenty-five miles 
of grading and surfacing, as a separate complete and serviceable unit. 
Before speaking of the projects undertaken by W.P.A. in the field 
I hould like to review briefly the fundamental relationships that 
W.P.A. seeks to e tablish with existing governmental agencies on all 
of its work. All W.P.A. projects have sponsors outside of our own 
organization. In each community W.P .A. workers are doing what local 
officials, not connected with W.P.A. in any other way, want done. The 
sponsor that we desire to have on any particular project is the govern-
mental agency that normally has charge of the kind of work proposed 
to be done on the project. When W.P.A. improves highways the 
sponsor is the county or township agency in charge of highway 
improvements. W.P .A. is not in the business of designing improve-
ments; it is not even in the business of planning improvements. Those 
functions must be discharged by the communities that our projects 
erve. We merely carry out their plans and do the work in the field. 
Perhaps the closest comparison would be to say that W.P .A. func-
tions as the contractor on its projects. The plans, specifications, and 
*Assistant State Administrator, Works Progress Administration for lll inois. 
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inspection are furnished by the sponsor, who is, in effect, the owner 
and engineer. W.P.A. coordinates the labor, equipment, and material, 
supplied by W.P.A. and the sponsor, so that the actual field work may 
proceed as efficiently a possible. 
It is the intention of the W.P.A. that, as far as possible, the deter-
mination of what is to be done and of how it shall be done shall be 
the responsibility of the sponsor. It is essentially true that the merits 
and scope of our projects are the result of local decisions. W.P.A. 
has money for labor principally. If the community puts in a little 
money for other than labor items plain surfacing can be handled. But 
if the community will make suitable contributions of its own funds 
it can secure any standard of drainage and surfacing that it may 
desire. What a community gets out of a W.P.A. project, as with most 
other things in life, depends on what a community is willing to put 
into its cooperation with W.P.A. Some communities are just now 
beginning to realize that they have missed an unusual opportunity and 
are now issuing new bonds to raise the standard or increase the extent 
of their participation in W.P.A. road improvement projects. 
I venture to say that W.P.A. is building secondary roads in half as 
many different ways as there are county superintendents in the state. 
We do not venture to pass on the competence of the elected officials 
in charge of highway improvement in a township or county. Our ex-
perience is that such officials are well informed on road building ma-
terials available in each section of the state and on the best methods 
to use, so that our requirement for sound engineering procedure on 
work projects is generally satisfied without argument. Our standard 
answer to local citizens who, at times, have questioned materials or 
methods, is that the work is being done as the sponsor wishes it to be 
done. I wonder, nevertheless, if it would not be feasible for the Illinois 
Association of County Superintendents of Highways to set up a series 
of standards for secondary road construction, taking into account local 
availability of surfacing materials, kind of soil, and surrounding ter-
raine-a set of standards that all county superintendents and all 
toWr:iship officials would recognize as authoritative, and would apply 
on W.P.A. projects under their supervision. Is that expecting too 
much? It would have to be done quickly to be of value to W.P.A. 
which is here today and may be gone tomorrow. 
I should like to challenge Illinois highway engineers, too, to do a 
little thinking individually and collectively on this whole social and 
economic problem raised by the Federal Work Program, of which 
W.P.A. is a part. Engineers are all too wont to shirk their public re-
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sponsibility for leader hip. Most of us are rather hopeless, I fear, but 
highway engineers do better than any other group in this matter. I 
grant you that this winter has been too cold and that this spring and 
summer is likely to be too hot for real, constructive, unprejudiced 
thinking. Election campaign give expression to emotions rather than 
to thoughts. 
Here in Illinois at the present time are two hundred thousand 
relief families that contain workers whose labor could be applied to 
the improvement of 100 000 miles of streets and highways which, 
even in a road-building state like Illinois, are still unimproved. A 
considerable part of this labor is now temporarily being so applied 
under the W.P.A. If these relief famil1es should have to be supported 
out of tax funds in considerable number for a long time to come, is it 
or is it not good public business to add to that otherwise lost labor 
enough more money to provide the supervision, equipment, and ma-
terial necessary to assure good results and to make real additions to 
our public wealth? The work of five of these men over a year will 
produce a mile of road improvement. The volume of road construction 
can be readily increased or decreased to accommodate the need for 
part of this labor seasonably on the farms and in the canning fac-
tories. The question is, should or should not the continuation of some 
program of this sort be contemplated? It's a question on which engi-
neers should have an opinion. 
Possibly the best way to indicate what W.P.A. is doing in various 
communities in Illinois is to show a few of our construction record 
photographs. In Chicago we have had as high as 32 000 men- that's 
a lot of workmen-working on street projects in a single week. There 
are four types of projects. Of asphalt surfacing of macadam streets 
we have completed 80 miles, and are doing each month as much as 
Chicago has normally done in a full year. Of brick relay we have 
completed some ten miles, using about 20 per cent new bricks. Our 
penetration concrete (cement-bound macadam) paving program has 
been suspended until more favorable temperatures are assured. Of 
stone surfacing in out-lying sections, including drainage installations, 
we have completed 45 miles. All these types are shown by the photo-
graphs. In many other cities we have street paving projects of a 
similar type. 
Our "good roads to market" program employs about 42 000 work-
ers, an army scattered in small squads all over the map of Illinois. 
Many of you are more familiar with the detail of individual projects 
than anyone in the W.P.A. State Office can hope to be. The rest of 
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my pictures illustrate a few of these projects. I do not have any 
up-to-date statistics on the number of miles improved. In fact it is 
very difficult to get significant figures, because our work runs all the 
way from road repairs and culvert construction to complete improve-
ments with heavy grading and eight to ten inches of surfacing-in 
other word we are doing what you have felt to be most worthwhile 
in each s'ection of the state. If our 42 000 men were continued in their 
pre ent work for a year we would have at least 10 000 more miles 
of improved highways at the end of that period. The public reaction 
to our road work has been very encouraging, as you know. Results 
have generally exceeded the estimates of what can be done with relief 
labor. Contributions have increased spontaneously over what was 
promi_sed, as the full possibilities of the short-time W.P.A. opportunity 
have come to be appreciated. 
For your patience in hearing me talk about this matter on which 
you are much better informed than I, for your past cooperation in 
making this program effective, and especially for your redoubled 
efforts to make the remaining months of W.P.A. life-from now until 
June 30th, 1936-productive of the best and most extensive results, 
I thank you. 
XX. RECENT DEVELOPMENTS AND CHANGES 
IN BRIDGE DESIGN I r ILLI OIS 
(a) A. BENESCH" 
I welcome the opportunity of meeting men interested in the build-
ing and development of highways for the State of Illinois, to .acquaint 
them with and present to them the "Recent Developments and 
Changes in Bridge Design" in our State. 
I was informed by a member of the Committee that, in preparing 
the program for this conference, the committee chose the topic "Some 
New Developments in Bridge Design," and that they agreed to ask 
me to present this subject. I was furthermore informed that about 
twenty-five minutes would be available for that purpose. 
When I read this communication I felt quite relieved, because if 
I should tell you only about new developments in bridge design, I am 
finished right now, as I do not know of any such developments. I 
suppose that you too would feel relieved if I should finish right now, 
but unfortunately it was agreed to have the title of the topic slightly 
changed. By promising you that it is not my intention to make full 
use of the available time, nor to introduce either calculus or the in-
tricate method of computing bridge structures, I trust that I will be 
in a position to keep your interest. 
It is my desire to acquaint you in general with the present policies 
of our Bureau of Design in reference to bridge structures and grade 
separations, which after all are nothing but bridge structures. In 
doing this I hope to arouse your interest in such a measure that in the 
future you will not hesitate to criticise freely any development or 
structure which you may view. It is your cooperation and criticism 
which we need if we are to progress, if we are to develop our design, 
if we are to elevate our practice to a high standard. 
Bridge engineering in the past, and when I say "past" you may go 
as far back as 2000 years B.C., was an art and not a science. It re-
mained an art in the hands of architects until the year 1716 when the 
French Engineering Institution "Ingenieurs des Ponts et Chaussees" 
removed it from the hands of the architects and gradually developed 
it into a science. In 1760 the Frenchman Peronet established a school, 
the famous "Ecole des Ponts et Chaussees" and from then on bridge 
engineering remained entirely in the hands of the engineer. 
Until approximately two decades ago the development of bridge 
engineering was confined to the utilization of new and efficient struc- 1 
*Engineer of Grade Separations und Assistant Bridge Engineer, Illinois Division of High- I 
ways , Springfield , Ill. / , 
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tural materials and the perfection of scientific principles of design. 
In the last twenty year , however, more thought has been given to 
a combination of efficiency and beauty. I personally welcome the de-
velopment of architectural consideration in bridge design and foster 
it wherever I have the opportunity. 
This, coming from an engineer and not an architect, can and 
hould be taken without any suspicion as to the source or cause of 
this recommendation. 
The early development of railroads enabled the railroad bridge 
engineers to increase their knowledge of bridge design, and the early 
highway bridge engineers leaned heavily towards the practice and the 
experience of the railroad bridge engineers. The tremendous develop-
ment of highways created a demand for highway engineers, and these 
engineers gradually developed an unique design of bridges, different 
from that developed by railroad bridge engineers, whose problems in 
design, construction, and maintenance were entirely different from 
those encountered by us. The constant and increa ed demand for 
efficient and modern types of structures compelled the State of Illinois 
to make a radical departure from previous standard methods. These 
changes were made at a tim~ when federal money to relieve unemploy-
ment was available to a great extent o that the volume of work was 
increased considerably. It i only natural that under such a situation 
the stress placed on the de igner was increased; it meant literally work 
during the day and study at night. In arousing the interest of the 
designers to create different types of structures, the like of which they 
had never had an opportunity to design, a willingness and cooperation 
was encountered which only highway engineers will give. 
The recent changes in policies can be discussed under four distinct 
headings: 
(1) Coordination and cooperation with the other Bureaus and 
the District Offices. 
(2) Changes in specifications and preparation of new ones. 
(3) Types of structure~ and change of design methods. 
( 4) Architectural considerations. 
I will endeavor to discuss each group in detail. After the plans 
of a bridge tructure are completed, the Bridge Office has very little 
additional work except in the capacity of a consultant. The construc-
tion of the bridge is in the hands of the Bureau of Construction, and 
the district, the maintenance in the hands of the Bureau of Main-
tenance and the maintenance forces of the districts. In developing 
new bridge details, the Bureau of Bridges collected data and informa-
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tion from the construction and maintenance group, and in following 
their suggestions improvements were made on bridge approaches, 
bridge seat details, abutments and abutment movements, joints, wear-
ing surfaces, handrailings, expansion devices, drainage, type of bridge, 
and on many other minor details. It was their cooperation and criti-
cism which made it possible for the Bureau of Bridges to develop 
new thoughts and ideas and I trust that the good work along these 
lines will continue in the future. 
In discussing briefly the second item I want to point out that the 
Illinois Division of Highways is at present engaged in the preparation 
of new specifications. The new specifications will differ from the 
previous ones not only in the text, but also in the entire set-up. They 
will consist of two individual sets of specifications, namely, the 
standard specifications for road and bridge construction, and an en-
tirely new specification for the design of highway structures. The 
latter specifications are being prepared by the Bureau of Bridges, and 
will be completed in approximately six months. They will give com-
plete design data, and waterway information. Considerable time and 
effort have been spent in the compiling of these specifications, and I 
believe you will find them a great help in ,your work. 
I now come to the third, and I would say, as far as the Bureau 
of Bridges is concerned, the most important part of my discussion, 
namely, the change of design methods and the types of structures. 
In discussing this I wish to emphasize the fact that no claim is made 
to originality, as all these types were used previously. In bridge build-
ing we must consider that we are only in an intermediate stage of 
progress, that perfection has not been, and never will be achieved; 
that it is impossible to establish standards which will fit each location; 
that the planning of a bridge is a study in itself; and that the mere 
fact that difficult computations are involved should not be regarded as 
a reason for eliminating ~ certain type of structure. Until less than two 
years ago no other than simple span type and arch bridges were used 
by the Department; the difficulties encbuntered in the design of stati-
cally indeterminate structures were . considered an obstacle to the use of 
the continuous type of structures. I am greatly pleased to see that our 
schools and engineers are realizing more and more that the time of 
the simple span designer, the w;2 engineer as I call him, is a matter 
of the past. They all are realizing more and more that the modern 
engineer must have more than a fundamental knowledge of the design 
of statically indeterminate structures. I want to pay a tribute to 
a member of this University, whose genius permits the engineer 
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of today to design the e types of structures by a simple, effective, and 
rapid method. I want Professor Hardy Cross to know that the men 
of the Bureau of Bridges of the Illinois Division of Highways are 
ardent admirers and followers of his developments in the design of 
continuous structures. 
Before going further I want to outline briefly the advantages of 
the continuous type of structures; they are economy, simplicity, in-
creased efficiency through the decrease or elimination of bearings and 
expansion devices, increa e in span length and waterway area, lower 
cost in maintenance, and better general appearance. The only disad-
vantage is the increase in ·the cost of the preparation of the plans on 
account of more difficult computations. 
The following continuous types of structure are now in use, most 
of them under construction, some under consideration, and a few of 
them completed. 
(a) Deck Girders Continuous Cver Two, Three, Four, and Five 
Spans.-We are using rolled wide-flanged I beam sections up to spans 
of 115 ft. for center spans and 85 ft. for end spans. These beams are 
spaced from 5 ft. to 7 ft. c. to c. We have also completed plans for 
a five-span continuous deck girder span over the Vermilion River at 
treator. This bridge ha only two steel girders for a 24-ft. roadway 
and two 5-ft. sidewalks. The girders are curved parabolically with 
stiffeners on the inside only; 18-in. I floor beams spaced 7 ft. c. to c. 
are placed transversely to the direction of the traffic, and cantilevered 
on both sides over the main girders. This type can be used very suc-
cessfully and economically where sufficient depth for construction is 
available, as the erection and fabrication of the floor system is very 
simple. Continuous concrete deck girders can be used economically to 
approximately the same limits as rolled wide-flanged beams. As an 
example of this type I would like to mention the Kankakee River 
bridge, near Wilmington, consisting of twelve 83-ft. concrete deck 
girders, or three sets of continuous girders over four spans. For archi-
tectural reasons, although uneconomical, all center spans and end 
spans are of equal length. This bridge has a 44-ft. roadway with two 
5-ft. sidewalks, with an integral wearing surface, and was the first 
continuous concrete deck girder bridge built in this State. The valu-
able experience gained in the design and construction of this bridge 
convinces me that, as a bridge type, it is worthy of every consideration. 
(b) Continuous Trusses.-The trend of modern bridge engineers 
is toward the construction of continuous trussed bridges. More pleas-
ing in lines, with less weight of metal and much more rigidity, they 
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will gradually eliminate the multiple simple-span bridges. At the 
present time one bridge continuous over three spans is under construc-
tion at Meredosia. This bridge spanning the Illinois River consists 
of one 240-ft. simple span at each end, and a 500-560-500-ft. con-
tinuous span. We plan to erect the entire center span without false-
work by means of cantilever erection. No extra metal was required 
for this feature. I am looking forward to the completion of this bridge 
with great expectations. There is no question in my mind that it will 
definitely establish a break with old tradition and establish an opening 
for a new and modern era in the State. 
Two more continuous bridges of this type over the Illinois River 
are under consideration. One at Havana, the other at Hennepin, with 
slightly smaller spans than those used at Meredosia. Whereas the 
truss members of the Meredosia bridge are made of built-up sections, 
the other bridges are made up mainly of H sections. This will intro-
duce an increase in weight, but the cost of this weight increase is more 
than absorbed in a decrease in the cost of the shop work. The Mere-
dosia and Hennepin bridges have no sidewalks, while one sidewalk waE 
provided for the bridge at Havana. Comparative cost studies indi-
cated a negligible increase in cost by placing the sidewalk on the 
inside of the truss. By placing the sidewalk on the inside of the truss 
there is a possibility of establishing a third traffic lane in the future. 
We have under consideration the design of tied steel arches, and 
Vierendeel trusses, the latter being trusses without diagonals, con-
sisting only of top and bottom chords and rigidly connected verticals. 
(c) Rigid Frames.-There are more than two dozen rigid frame 
structures completed, under construction, or under consideration. Most 
of them are single spans, but there are several two- and three-span 
rigid frames planned for construction in the near future. The spans 
vary from 20 to 60 ft. and are of the solid-slab type or rib-deck type. 
· Where skew angles are 30 deg. or more the rib type is given preference. 
The supports for the rigid frames vary. Hinges, fixed and re-
strained supports are in use, depending on the nature of the footing 
and the subsoil. It is very hard to give a cut-and-dry rule for the 
type and span length of a bridge. Generally a ratio of from 1 to 1.1 
and up to 1.3 of end to center spa~ will give an economical span 
layout for continuous structures. Continuity over more than five 
spans is not desirable. In order to faci litate the computing of con-
tinuous structures, the design engineers of the Bureau of Bridges 
established tables and diagrams which are compiled in a manual of 1 
instruction , a copy of which is supplied to each draftsman in the office. 
l 
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In my capacity as Engineer of Grade Separations, I have had the 
opportunity of coming into close contact with this phase of work which 
I want to discuss in general. It is essential that, in eliminating the 
hazard of a grade crossing by planning a grade separation, no new 
hazard shall be introduced. Thus, in planning a grade separation, 
careful attention must be paid to the following: No curvature shall 
be permitted on approaches; where right-of-way or other conditions 
make this impractical, a minimum radius of 1000 ft. in restricted areas 
and 2000 ft. in open country should be provided. A minimum 32-ft. 
horizontal clearance for two-lane subway structures, and 14-ft. verti-
cal clearance, a maximum grade of 5 per cent, and a minimum sight 
di tance of 800 ft. are essential. The sight distance may be reduced to 
500 ft. in areas where the speed is restricted, or on four lane pave-
ments. Superelevations of 1 ~ in. per foot in open country, and % in. 
in speed-restricted areas should be obtained. Eliminati~n of center 
columns for subways is recommended. Sidewalks should be provided 
for pedestrian traffic, even though this traffic is only light. 
Many times I have been asked the question: "Which do you prefer, 
a ubway or an overhead?" It is a question which cannot be answered 
in one sentence. That is , I can answer it in one sentence, namely, "I 
prefer a subway or an overhead to a grade crossing." But, joking 
aside, I have no preference in general, but I develop a preference for 
each location individually. The ideal condition, namely, right-angle 
crossing with perfect sight distance at level grade and natural drain-
age never exists and therefore the question is not a fair one. The 
railroads prefer in general the overhead, as it relieves them of an 
added burden of maintenance. From the standpoint of a highway 
traffic engineer, the subway is somewhat preferable. It permits con-
tinuity of pavement and shoulders and, with similar approach grades, 
the sight distance for a subway is somewhat greater than for an over-
head. If a vehicle gets out of control on an overhead it may topple 
over the guard rail on the approach or over the rail of the bridge. This 
cannot happen on a subway with cut-in approaches. 
But taking all these items into consideration, economy of construc-
tion plus maintenance should be the most important guide in forming 
a decision. 
Of the many grade separations which the Illinois Division of 
Highways will be able to construct under the 10~ million dollar U. S. 
Works grade separation program, I mention thrne outstanding ones. 
The first is the reconstruction of the existing subway for the 
C. R. I. & P. and . Y. C. R. R. on Cermak Road near Clark Street 
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in Chicago, for which construction will start this spring. This subway, 
carrying four tracks under very heavy traffic, consists of a two-63-ft.-
span rigid-frame deck structure. The frames are 36-in. split I beams 
approximately 2 ft.-6 in. c.c. on a caisson substructure. The horizontal 
shear is taken care of by means of tie bars on top of the caissons 
underneath the pavement. This type of construction, together with 
the architectural treatment it received, will result in an outstanding 
structure, a complete departure from old precedent in city subway 
design. 
The second is the construction of the grade elimination south of 
Joliet on U. S. 66, where a complete relocation of the A. T. & S. F. 
had to be planned to make possible a subway structure for both the 
A. T. & S. F. and the Chicago and Alton. 
The thi~d one is a very lengthy structure on Ogden A venue at 
Cicero over the C. B. & Q. tracks. Careful planning of long-span 
trusses, supported on heavy cross girders, will give the traveling 
public a good alignment. Plans for this structure are being developed 
at the bridge office at present. There are several other separations 
of interest, but I promised you not to exceed my time limit and there 
is one item still to be discussed, one which I would hate to pass up, 
namely, architectural considerations in bridge design. 
Although bridges in cities and parks were given consideration with 
reference to appearance, very little, if anything, was done in the 
artistic development of highway bridges. To create a proper design, 
engineer and architect must collaborate. It is essential that each of 
them has a proper conception of the other's work. That this can be 
accomplished is perfectly illustrated in the Krape Park Bridge at 
Rockford, Illinois, where Mr. Ipsen as Engineer in collaboration with 
Mr. Eastman as architect planned a structure with graceful lines, 
well-balanced proportions, and general appearance of strength and 
sturdiness, despite the lightness of the deck, where the structural 
design furnished the architectural motif without subordination of 
either. 
The first requirement of the appearance of a bridge is that it ex-
presses stability, truth, and simplicity. For structures where sym-
metry can be obtained without any sacrifice of economy or alignment 
a feature of major importance is added. The distribution of the ma-
terial in a structure should be such that the stability of the structure 
is apparent to the ~ayman. To hide surfaces or certain members as, 
for instance, I beams with fake concrete arches, or to camouflage a 
concrete surface with stone facing is certainly not an expression of 
truth. It is my sincere opinion that any building material can be made 
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f a medium for architectural expression, adding beauty and dignity to 
a structure. That all this can be accomplished with very little, if any, 
additional cost may be surprising to some of you. I take as an ex-
ample the substructure of the Meredosia bridge, where at a cost 
of an additional $800.00 in special formwork in a total cost of 
$180,000.00, a modernistic straight offset tower design has been put 
in place; at an additional cost of approximately $1,000.00 on a total 
of approximately $300,000.00 on the superstructure more graceful 
lines were obtained by changing major dimensions for the trusses. 
That is less than 0.4 of one per cent, certainly an amount well spent. 
Continuity expresses harmony, therefore, continuous structures are 
a natural expression of tructural and architectural treatment. Many 
other features could be added, but going on and just talking will not 
accomplish much. Let u do all these things and talk about them 
afterwards. 
I would also like to call your attention to the much-discussed 
problem of handrail. We are endeavoring to establi h approximately 
one dozen different types of rails in order to bring about a variation 
in appearance. Bridges should not terminate abruptly, and several 
methods of obtaining a transition can be introduced very easily. We 
are also recommending the use of white concrete curbs and markers 
on bridge structures and approaches to emphasize to the motorist 
the need of keeping in his lane. 
I think I have given you the most important phases of our recent 
developments. I still have five or ten minutes to go but will quit to 
keep my promise in the start. 
I believe we have made some progress, and that we have a good 
start in the development of modern bridge engineering. We have 
made this at a time when circumstances were such that we could not 
give each project the study which we would have liked to give. 
Fortunately, in our Chief, Mr. Ernst Lieberman, we have a man at 
the head of our division whose ability, encouragement, assistance and 
vision enabled us in a comparatively short time to make considerable 
progress along the path I have outlined to you. 
It is my hope that the few things that have been accomplished 
will inspire all of us to continued mutual cooperation and unity of 
purpose o that we may go on to better results in the future. 
(b) THOMAS c. SHEDD* 
During the last few years there has come about a remarkable 
revival in the art of highway bridge building. The enormous expan-
*Professor of Structural Engineering, University of Illinois. 
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sion of highway construction during the hectic twenties placed on 
overworked bridge departments the responsibility for designing and 
preparing plans for great numbers of bridges. These departments 
were not, however, provided with the staff necessary for adequate 
study of each crossing as a separate problem, and their harrassed 
executive officers were forced to develop and rely on standards which 
could be quickly adapted to the conditions encountered at different 
crossings. Often these adaptations were not satisfactory to those in 
responsible charge, but lack of adequate assistance forced their ap-
proval as perhaps "good enough." The growth in volume and weight 
of highway traffic which followed the increase in mileage of paved 
highways resulted in demands on existing bridges that many of them 
have been unable to meet. In spite of curtailed budgets resulting 
from the depression, our highway bridge engineers have met the chal-
lenge of these demands by developing new types of structures and 
by restudying and improving older types. I am sure that each of you 
in listening to the interesting paper just presented by Mr. Benesch 
has felt a sense of gratification that our state has not lagged behind 
in this development. 
At the outset I should like to express my complete agreement with 
Mr. Benesch that greater labor of calculation is not an argument 
against the use of continuous structures when bridge departments are 
adequately staffed. The modern bridge engineer does need a more 
than fundamental knowledge of statically indeterminate structures: 
his knowledge should be so thorough that he will not only be able 
to catalog their alleged advantages, but will be able to evaluate their 
disadvantages, and recognize the conditions under which they offer no 
improvement over other types. It is our purpose at the University 
of Illinois to turn out such men. Those who are familiar with Pro-
fessor Cross' work know the importance which he attaches to such 
a thorough knowledge; in fact the powerful methods of analysis which 
he has developed had their inception in his determination that his 
students, undergraduate as well as graduate, should have at their 
disposal the tools necessary for thorough study within permissible 
time limits. 
The speaker is particularly pleased to note the attention which 
is being given to the design of what may be termed "ordinary" 
bridges. As was recently pointed out in an article in "Civil Engineer-
ing"* by Mr. H. H. Houk, much more money is expended on such 
*"D evelopments in Highway Bridge D esign," Civil Engineering, Dec., 1931. 
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structures than on the spectacular monumental bridges under con-
truction or recently completed on the ea t and west coasts. 
The more efficient design of these ordinary structures may there-
fore result in a greater total saving than can be secured through the 
most careful tudy of the larger ones. 
In connection with the e so-called ordinary structures I am par-
ticularly struck by the statement that "in elim~nating the hazard 
of a grade crossing no new hazards shall be introduced,'' and I should 
like to rai e the question of whether the generous horizontal clearance 
suggested by Mr. Benesch for two Jane subway structures should not 
be provided also (to a somewhat less extent, perhaps) for overhead 
and through tructures? The instinctive drawing away from the heavy 
trusses of long through bridge which have a clear width little, if any, 
greater than the pavement leading up to them reduce the effective 
width. Furthermore it often makes such structures a dreaded hazard 
instead of a mere incident in the highway. In the ca~e of heavy 
travel such structures may even become bottle necks in an otherwise 
adequate highway. In my opinion the clear width of through bridges 
should be at least four feet greater than the paved width of highway 
leading up to them, and if six to eight feet more can be provided, so 
much the better. It is recognized, of course, that this extra width adds 
something to the cost of the foundations, the deck, the floor system, 
and to a le extent of the trusses and bracing, but, in general, I think 
it may be said that the additional cost is not a high price to pay for 
the increased safety and comfort of the users. 
Among the many interesting structures cited by Mr. Benesch the 
most startling departure from former practice in Illinoi is the con-
tinuous-truss bridge under construction to cross the Illinois River at 
Meredosia. A high-level bridge with fixed spans is always to be pre-
ferred to a low-level structure containing a movable span, but the 
choice of a tructure so entirely different from those constructed with-
in the last ten years in the ame general neighborhood-at Hardin, 
Florence, and Pekin-cannot fail to attract attention and interest. 
The studies on which such a choice must have been based are certainly 
of sufficient importance to be made a matter of record, and the 
speaker hope that Mr . . Bene ch may find the time to present them in 
a paper before some engineering society or in the technical press. In 
connection with the discussion of this bridge Mr. Benesch remarks 
that: "The trend of modern bridge engineers is toward the construc-
tion of continuous-trussed bridges. More pleasing in lines, with less 
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weight in metal and much more rigidity, they will gradually eliminate ' 
the multiple simple-span bridge." Some will agree with the statement 
that such bridges have more pleasing lines and some will not--
whether one agrees or not he is entitled to his opinion, and since it is 
a matter of opinion no one can say he is wrong. There seems to be 
considerable evidence to show that for the larger continuous spans 
less metal is required than for the corresponding simple spans, par-
ticularly where the dead load is large as compared with the live load, 
as is the case in highway bridges with concrete decks. Most of you no 
doubt recall the· recent article in "Engineering News-Record" concern-
ing highway bridges in Kansas, in which the statement is made that 
continuous low trusses of three spans (128-160-128) show a saving of 
10 per cent in weight. 
With regard to the claim of "much greater rigidity" there may be 
some difference of opinion. Using deflection as a measure of rigidity, 
it is not clear that there should be much difference between simple 
spans and continuous spans, if the depth of each type has the same 
relation to its moment diagram. The Chesapeake and Ohio bridge at 
Sciotoville, Ohio, the completion of which some twenty years ago 
apparently inspired the present demand for the continuous type, was 
so proportioned that its controlling depths were about the same as 
would be required for simple spans with equal bending moments and 
lengths. In mentioning the magnitude of its deflection, the late 
Gustav Lindenthal, its designer, said*: "This is about the same as the 
deflection of a corresponding simple span having a height of between 
one-sixth and one-seventh of the span length." 
Mr. Benesch has mentioned and advocated the cooperation of 
engineers and architects to secure more attractive designs. When 
architectural cooperation leads to the addition of structurally useless 
scrolls and gewgaws, or idle members which hide the true structural 
action, as has been the case recently in one or "two notable structures, 
the result is not happy. When such cooperation improves lines and 
proportions it is certainly worth while , and this seems more likely to 
result when the well-trained engineer is responsible for the proportions 
but has the benefit of advice from a competent architect. 
*Trans. A. S. C. E. , Vol. LXXXV , p. 938, 1922. 
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